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1-6 3 es 1 ) 
In general, there were two distinctly different Operational phases 

yocessary in the program of the Natural Rubber Extraction and Processing 

Investigations Project in process research and Gevelorment. The first of 

these was the reconstruction of the pilot plant. The second was the carrying 

mut of experiments to determine the effect of different processing steps upon 


the recovery of rubber and its quality, and the development of specialized 
equipment needed for the various oporations. : 


2, Objectives 


Two overall objective statements have guided the work of the Natural Rub- 
ber Extraction and Processing Investigations Project during the past five years. 
fhe first governed the work from August 1947 to June 20, 1949, at which time 
the fund reduction necessitated the curtailment of objectives. The first 
statement of objectives called for the development, through laboratory and 
pilot plant investigations, of new or improved methods for the extraction and 
processing of natural mabber from domestic rubber-bearing plants; the utiliza- 
tion of byproducts from such plants; investigation of analytical methods; and 
fundamental studies of rubber and non~-rubber components. 


) The second set of objectives, which covered the period July 1, 1949 to 
me Project's close, were directed to the developnent, through laboratory and 
pilot plant investigations, of new or improvec methods for the recovery of 
erude rubber of uniform high quality from guayule shrub; to cheracterize the 
resins and other components of crude rubber which affect quality; and to 
develop means of stabilizing the quality of the rubbor. 


S. Reconstruction of the Pilot Plant 


Both of the above objective statements indicated emphasis on rubber 
quality. A review of all previous work, including both that of private enter- 
Prise and of the Emergency Rubber Project, indicated that quality of rubber 
Was influenced by the character of the raw material entering the mill circuit. 
The last point at which the shrub (and therefore the rubber) possess the great- 
8st uniformity is when it is a stand of living plants in the field which have 
been accorded reasonably unifrm culture throughout their lives up to the day 
before they are dug. It is at this point, too, that. the rubber has all the 
inherent qualities as produced by the plant. As soon as the plants are har- 
Vested, the rubber in them is subject to modification by many external factors. 
To Study the changes that occur after harvest, to measure the effect of various 
treatments on the shrub, to evaluate differences in rubber yield studics as 
Influenced by various treatments---all of these required the measurement of 
Liffercnces so sinall that the work would have to be planned and carried out in 
Mech a fashion that statistical evaluation of the results woulée be poscible. 
The Pilot plant,-as it was in 1947, was totally unsuited for research of this 
Yc. That made necessary the removal of existing equipment and the procure- 
pont and installation of suitable facilities 


ment removed consisted of three 





} A. Removal of Old Fquipment. The equi pmer : ms 
"Xe batch pebble mills, Six wooden tanks of approximately SOU gallons. each, i) 


combination tunnel ond flash drier, a large attrition mill, a cane mill, and 
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many miscellaneous small items. Many of the items were removed by available 
‘staff personnel during the recruitment period. The heavier items were removed 
by contract. ; ‘ 

b. Installation of New Rauipment. Reconstruction work in the pilot plant 
did not occur all at ones. The first thing that was required was @ series of 
small batch mills with which to carry out clos sly controlled experiments on 
storage of shrub, shrub pretreatment studies, and investigations centering 
about rubber hydrocarbon recovery. The equivment required to carry out this 
work included a.battery of four 27-inch batch pebble mills, two pailas, one 
serub mill, a centrifuge for separating the flotation liquor into its two com- 
ponents (bagasse and effluent), and an effluent tank. Concrete igtarion tanks 
were required for each of the batch and serub riven “regi each of the pailas. 
A triplex hydraulic pump anc accumulator tanks supplied hydraulic pressure of 
900 p.s.i.g. for the pailas. Various pumps and piping were needed for moving 
the slurries, flotation liquors and the like, as necessary. A hammermill and 
erushing rolls in the shrub preparation deoartment made possible variation in 
‘shrub pretreatment. All this installation work, including the electrical 
wiring, was done by personnel of the Process Research and Develovment Section, 


‘On July 2, 1948, all versonnel had been recruited, the above phases of 
pilot plant reconstruction were ccmplete, and nrocess research got under way 

Later on, as time permitted and as the research program required, ther 
were installed other items of equipment. This equinmnent and attendant facil 
ities made possible investigations of a continucus process circuit. hey in- 
cluded tube pebble mills and jordans for continuous milling; a rectangular 
flotation tank fitted with bagasse removal facilities and a continuous centri- 
fugal filter for continuous flotation studies; and:a high pressure, automatic 
decorking device, called a “baica™ for continuous decorking. This last unit 
hud been developed and constructed during the Emergency Rubber Project, but 
had not been tested in a continuous production circuit. 


4. Lines of Research Investigated Tae 


Ge ‘Development of Control Milling. Considerable work had been done in 
the past on what were called “control” millings in research on the production 
of worm rubber from guayule. Critical examination of this work indicated 
almost consistent failure to maintain total rubver and solids balances throughi- 
Out any given experiment, and there was rarely any determination of the re- 
producibility of any method. Hardly ever were controls run-in exactly the same ' 
way On raw materials that had been handled exactly alike. Frequentiy, inade- 
quate or improper sampling contused the interpretation of the experimental data, , 





The vagaries of the weather during the period of field cure and the bio- 
logic nature of guayule were often overlooked. Consequently, unknown factors 
influenced the data and could not be taken into account in interpreting the 
information obtained. These inadequacies led to the conclusion that the oh- 
jectives of current process research could best be met by the application of 
experimental designs and statistical treatments of the resultant data as 
commonly used by biological scientists. A series of experiments was planned 
and carricd out to develop a control systa@a or milling, in which the degree of 
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reproducibility would be known, and in which the factors which caused un- 
yntrolled variution could be segregated and their effects measured. 


fn evaluation of the experimental data resulted in the formalities of a 
sontrol milling procedure as here described. 


A Block of plants in the field from which the tering is-to be used. for. 
the experiment is selected in which the ee appear to be uniform as to plant 
size, Vigor, and growth characteristics. This block is rogued to remove all 
plants that are off-type when the experiment to be run involves the testing of 
fifferent types of machines or different operative procedures. When the ex- 
periment is of such nature that it takes field veriability into consideration, 
the plants are selected by random nwaber. In either case, the plants required 
are harvested and delivered to the pilot plant as soon as possible after digging. 

The plants are then parboiled for 15 minutes at a temperature of 200° to 
205° F. and then passed through the trommel for defoliation. When defoliated, 
they are cut in a fly-kmife cutter through a 1/2~inch screen. 


Samples are taken from the cut shrub for analytical determinations of 
uubber, resin, and moisture. The remaining shrub is crushed twice at a roll 
earance of approximately 0.002-inch, then hamrermilled once through a 1/2- 
inch screen using streisht hammers. After hammermilling, the material is 
divided into the required number of replicates. Each replicate is immediately 
samplec for an analytical moisture determination, and a rapid moisture deter- 


Mination on a Dietert moisture teller 


4S soon as the results from the ra 
the mill charges are weighed out on a 4 
Of the mili in which each replicate is to be precessed. ach mill charge is 
labeled and ae in a covered can. All control charges are held overnight 
before milling. | : 


id moisture determination are available, 
y woight basis Shari ee to the volizne 
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in 
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The replicates are milled in 27-inch batch pebble mills. Milling is ac- 
COmplished at a water-to-solids ratio of 4.5 to 1 and a pebble-to-solids ratio 
20 to 1. Mills are run at 80% of their critical speeds and the initial 
Mill temperature is 85° F. Filling is carried out for 60 minutes. Between 
10 and 15 minutes after iilling is started the mill is stopped, the lid is re- 
Moved, and the shrub that becomes packed between mill and lid is carefully re- 
Placed in the will. The lid is then replaced ani milling continued. 4A Yecore 
the time for lid removal and replacement is kept so that the exact milling 
time of 60 minutes is maintained. 


At the end of the milling period the mill is filled approximately half 
Mall of water and the contents, except for the pedbles, discharged into the 
‘Notation tank The mill is rinsed with conious amounts of water S times. On 
the fourth rinse the mill lid is replaced and the mill is run for 5 revolutions 
Lefore it is emptied. vhen rinsing is complete, hot or cold make-up water is 


Added to the flotation tank until a water-to-solias ratio of 100 to 1 at a 
‘eherature of 100° #. is reached. 7 


are attained, the float- 


Whe . a 1 ratio and temperature 
Mencecorrect flotation ra oe a 


ing rubber is skinmed off. ‘hen the initial skimming is completed, 
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liquor is agitated with an electric mixer for 5 minutes, allowed to settle for 
S minutes, and then skimmed again. ‘This agitation and settling process is 
repeated once, followed by a third skimming. -The crude rubber and cork re- 
covered by skimming are held in appropriate semple cans in clean warm water. 
If it is necessary to hold the rubber for any length of time before decorking 
is done, a hold-down cover is placed on the rubber to keep it submerged. 


Decorking is done in a paila preheated to 200° F. before the rubber is 
placed in it. The rubber, with about three times its volume of water, is 
introduced into the paila and brought to a rolling boil. Imnediately after 
boiling, the rubber in the paila is placed under hydreulic pressure of 500 
pounds per square inch for 90 minutes. This treatment collapses the cells of 
the cork granules and renders them susceptible to waterlogging. 


 £f£Fter the decorking treatment, the rubber is discharged into a flotation 
tank at an approximate water-to-solids ratio of 400 to 1 and a minimum temper- 
ature of 140° F. The rubber is skimmed from the flotation tank and held in 
warm water for scrub milling. ; 


. 
, 


The 27-inch scrub mill is preheated to a mininum temperature of 140° ¥. 
The rubber charge is then placed in the mill with a nebbles-to~-solids ratio 
of approximately 20 to le Water is added and stean is introduced to the scrub 
mill until the charge is brought up to a minimum temnerature of 140° F. and a 
water-to-solids ratio of at least 20 to 1. Serub milling is done for 15 
Minutes. Then the mill is emptied and rinsed thoroughiy. The rubber is floated 
at an aporoximate water-to-solids ratio of 466 to 1 and at @ minimum temperature 
of 140° F., after which the rubber is skimmed onto drying trays and spread to 
a uniform depth. . 

The addition of preservative or antioxidant to the rubber at this point 
is governed by the nature of the exveriment. The rubber is dried in a through- 
circulation drier with gradually increasing temperatures as follows: Initial 
temperature of 100° Fr. for 74 minutes; 125° F. for 7} minutes; 150° F. for 7% 
minutes; 175° r. for 74 minutes; and 200° F. for 30 minutes. The trays of 
rubber are then weighed, replaced in the @rier-at 200° F. for 5 minutes, then 
weighed again. This is repeated until a constant weight is reached. When dry, 
samples for chemical analysis are taken, anc the ‘total weight of the crude 
rubber is obtained. 


To det ermine rubber losses in process, the liquor from the vorimary flota- 
tion tank is passed through a perforated pasket-type centrifuge. The flotation 
tenk and the pipe lines are thoroughly washed out. The centrifuge is alloved 
to run for 5 ininutes after the final wash water has passed through PreOrder UC 
reduce the bagasse to an approxinately uniform moisture content. The wet weight 
of the bagasse is obtained and three 1-quart representative samples of bagasse 
are taken for the analytical. determination of rubber, resin, and moisture. 


The effluent from the centrifugation is stored in a tank and the volume 
determined, after which it is agitated violently with an electric mixcr and, 
while the agitation continues, three ]-quart sainples are removed for analysis 
for rubber, resin, and total solids. 
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All flotation temperatures and ratios are held within the stated limits 
in the interest of uniformity in procedure, but are not necessarily optimum 
or applicable to factory operation. wi ‘ 


During the course of the experiments, a sample dividing mechanism was 
devised and fabricated. The divider consisted of eight compartments or boxes 
with @ common base so arranged that they could be rotated mechanically ata 
constant speed. ‘The outer end of each commartment constituted a removable door 
through which the shrub samples would be removed after division. The prepared 
shrub was fed into the eight rotating compartments by utilizing an inclined 
screw conveyor fitted with a feed hopper and a suitable electrical drive. Use 
of this machine gave more uniform results than could be obtained with a Jones 
binary sample splitter and eliminated much manu2l labor. 


The use of a fly-knife cutter in the control milling procedure was nec- 
essary for two reasons. First, the hammermill available for pilot plant oner- 
ations had a feed throat so constricted that whole shrub could not be passed 
through it. Second, it had been established thet chemical analysis of material 
that had been crushed and hammermilled had a greater degree of variation and 
lower reproducibility 2/, than material which had been cut only. ; 


Utilization of the control milling procedure described above resulted in 
& high degree of accuracy and reproducibility. A total solids balance can be 
maintained with a very rezsonable exrerimental crror. In a test designed 
specifically to test accuracy and reproducibility, a total solids balance of 
100.7: percent, with a standard deviation of 2.7 percent, was obtained. Rubber 
hydrocarbon gave a balance of 101.6 percent with a standard deviation of 1.3 
percent. Total resin accountability was low, but consistently so. It gave @ 
balence of 88.3 peresnt with a standard deviation of 1.8 percent. 


d. Storage Studies. With the development of 4 satisfactory control rill- 
ing procedure, attention was directed to the possibility of storing the shrub 
prior to milling. Uppermost in mind during this work was the pretsise, earlier 
Stated, that the shrub and its constituents possess the greatest uniformity as 
@ stand of living plants in the field. Nevertheless, it seemed that some fom 
of surge storarze would be desirable in commercial mill operations to provide a 
reserve supply of shrub for milling in the event inclement weather or other 
factors caused a suspensicn in harvest activities. In addition, it was desir- 
able to compare yields and quality of rubber obtained from freshly harvested 
shrub with that from shrub that had been stored. 

A complete review of all previous storage studies was made. Unfortunately, 
@1l of then were open to question one way or another. One of the most importiuut 
Points was whether at the end of the storase pericd, or at intermediate periods 
of storage, there was actuclly as mich rubber im the shrub as there was vhea it 
Was a living plent in the field. A series of experiments was designed which 
incorporated the two methods of shrub storage most highly recommended for comic 
Wioreial oporations, and also shrub which was processed fresh from the Pield. 
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All three types of shrub were handled by the same operational steps for the 
recovery of the crude rubber. The two methods of storage were (1) shrub dug 
and field cured for 7? days, baled with leaves on and stored up to 6 weeks, 
then parboiled, defoliated and milled; and (2) shrub dug and hauled to pilot 
plant at once, parboiled ana defcliated, stored up to 6 weeks and milled. 
The control consisted of shrub harvested and processed with a minimum of delay. 


(1) Baled - leaves on. Under the conditions of this experiment, in- 
creased periods of storage with the leaves on caused a decreased yield of: 
rubber hydrocarbon in the crude. There was an apparent decrease of rubber in 


‘the shrub. There was a slight decrease of resins in the crude rubber, but 


not enough to make any appreciable difference in rubver quality. The total 
amount of crude rubber recovered per ton of shrub harvested decreased with an 
increase in the length of time of storage. 

(2) Baled ~ defoliated. Shrubs stored after defoliation showed an in- 
crease in the percent of rubber hydrocarbon in the crude rubber, accompanied 
by a decrease in the percentage of resin. Tre insoluble content increased 

a 


with increased time of storage. The total emount of rubber recovered in the 
crude increased somewhat up to the sixth week of storage, but dropped slightly 


thereafter. The total amount of crude rubber recovered per ton of shrud har- 
vested increased slightly from the third to the sixth week. 


For both types of storage there was a lack of uniformity of raw material 
into the mills and of the crude rubber recovered. These variations caused 
uneven drying and produced a final crude thet was sticky. 


(3) No storage. The rubber recovered from millings of freshly harvesteé 
Shrub had Mooney values and molecular weights markedly higher than any rubber 
produced from the stored shrub. The lowered looney values and molecular 
weights are strongly indicative of rubber. deterioration through oxidative 
processes. The amount of insolubles in rudtsr from freshly harvested shrub 
showed a marked reduction as compared to rubber obtained by conventional 


methods. Insolubles in rubber from freshly harvested shrub amounted to less 
than SO percent of that usually present. 


(4) Effect on rubber quality. It appears that two factors are present 
which have opposite effects on the physical characteristics of crude rubber 
recovered from shrub stored after defoliation. First, the physical propsrties 
of the crude rubber prosressively deteriorate because of continued degrada- 
tion of rubber hydrocarbon in the shrub during the storaee period. Second, 
physical properties of the crude are enhanced by a depletion of resins during 
the storage period. For all physical properties measured, except Tiooncy 
viscosity, there is an apparent improvement in the quality of the crude rubber. 
fhe optimum improvement occurs at about five weeks. Deterioration curs i 
thereafter. Careful consideration of all the data indicates that ths Sere Tees 
improvement in the crude rubber is cntirely due toa removal of pe ee age vee 
resins, and that there is actually a considerable amount of degradation Ses 
the rubber hydrocarbon present —- and not an improvenent as has eee ae 
sugsested. Removal of resins from rubber recovered ea Caesnhy ae, 
shrub (in which the rubber hydrocarbon had not been subjected to degradation 
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by solvent extraction methods to produce a crude rubber with a resin content 
comparable to that produced from defoliate stored shrub would, as was later 
demonstrated, produce a rubber of superior qualities. } 
Investigations of storage of shrub to insure continuous mill operation 
are Obviously not complete. So far as nov knovm, shrub must be processed 
immediately after harvest in order to produce rubber of optimum quality. 


Storage of shrub after defoliation has been and, more or less, remains 
a debatable question. In previous work, this form of storage has becn termed 
"bale retting". Retting as such was excluded from further consideration in 
the current work because it is a microbiological process and as such presents 
several shortcomings. A "natural ret", that is,a ret induced by the mixcd 
microfloral population present in the atmosphere, will probably vary greatly 
from season to season and from location to location. A pure culture ret 
would necessitate a costly installation to provide for sterilization of the 

wi material, maintenance of a pure culture incculum, and apparatus for main- 
tenance of the proper environmentai conditions throughout the period of ret. 
It is doubtful if the price received for crude rubber could make a micro- _ 
biological process as economically feasible in its production as could be .. 
mxpected from the production cf an antibiotic such as penicillin. And last, 
wetting at best removes only a small part of the resin and does not result in 
arubber whose physical preperties even approximate that cbtuinable by solvent 
extraction. 

*(5) Stcrage as ensilace. During the Emergency Rubber Project, a small 
emount of investigative work was done on the storage of shrub as ensilage 
Under cssentially anaerobic conditions. This work, meager though it was, gav 
some indications that shrub could te stored over rather cxtensive periods of 
time without loss of rubber. With resunption of work by the Natural Rubber 
Extraction and Processing Investigations Project, the Bureau of Plant Industry, 
Soils, and Agricultural Enginecring set up an oxperiment to further study this 
‘method of storage. At the conclusion of the storage pcericd, the shrub was 
turned over to the Burcau of Agricultural and Industrial Chanistry. for milling 
and rubber evaluation. ; 

. 

The shrub was roccived in three "lots" identified as follows: Lot “1 was 
Shrub which had been ensiled for six months in a "warm" place with no water 
added to supplement the natural moisture of the shrub. Lot #2 was stored . 
Wder conditions generally comparable to those obtaining for Le} fs cxCept 
thet the surrounding atmosphere was described as "cool. Let 7S was material 
Btorea for six months under “cool” conditions with 25 pounds of tap water 


added to the lot. 


r s7200 > . “, >} t 
Two different methods of haudling the shrub were used. In one me Sia 
me pt . 577% made ts a *catments - OQ 
WAS given conventional control milling, paila, und ae ie ie ‘ tti ‘ 
% . P pales bury @ Tetec , 2) : 
Pairs preparation treatment was given as this was completed prior to pubeing 
At down as ensilage. hu exact method of preyaration is not known. In 
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addition to the cenventionnl pebbie milling, some rubbex wes See ees ae % 
deresinatine the shrub from Lots jl and #5. Specifically, this procec woes 
Ai follows: (1) the shrub was extracted with four liters of acetono passe tod 
through the shrub 5 times at room temporature. (2) The shrub was then extractoc 
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with 3 liters of fresh acetone in 5 passes. (3) Step two was repeated with 
fresh acetone. (4) The shrub was rinsed once with 3 liters of fresh acetone. © 
After this extraction, the material was pebble milled for 60 minutes at a 
water-to-shrub ratio of 4.9 tol. The slurry vas floated as usual-and the 
rubber skinmed off. No paila or scrub mill treatment was deemed necessary. 
The wet worms were stirred in a furfural-acetone solution adjusted to a 
specific gravity of 1.0. After visual observation indicated the worms were 
clean they were rinsed with fresh acetone end dried in air. 


Unfortunately, no records of weights of material into storage were main- 
.tained; consequently it was not possible to obtain yield data. All that pe 
be obtained was an estimate of rubber quality as judged by certain physical 
characteristics. The optimum cure properties for the vulcanizates of the 

'Yesinous crudes for each of the three lots are set out in the following table. 


Table 1. Physical Properties of Vulcanizates of Resinous Rubber 
from Shrub Stored as Hasilage 











 Gured @ 287° F, "tot ft) Loted#2. .*. Lot 23 
PeSel PeSei. PeS.l. 
Tensile strength : 1600 Some auD : 1387 
Modulus G 6C0% clongation : 455 : 335 : 330 
Ultimate elongation : S00:ag “ 830 : 827 
Hardness, Shore : 29 : 2? : 23 





These valucs indicate a decidedly pocr cuality bee The tensile 
strengths are far below that expected for the us) ual grades of resinous guayule 
while the hardness Shore is indicative of a very soft, plastic material. 


‘Data for the deresindted material, as given below, show very Little in- 
provement. : 


Table 2. Physical Properties of Vulcanizates of Dere sinated 
Rubber from Ensiled Shrub 
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Cured & 287° F. iaaBot Pie A aelebotays 
a. eae 
Tensile strengt! : 1980 : 1650 

" Modulus € 600% clongation : 900 : 700 
i Ultimate clongation . 720 : 730 
‘Hardness, Shore ~ ; 35 20% 2.955 
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Tre extent of improvement brought about by deresination is remarkable 
in its mininal effect. In both cases the vulcanizates were very slow curing. 
This may have been duc, at least in part, to the formation of organic acids 
in the ensiling process. It was not possible at the time of this experiment 
to make Mooney viscosity or molecular weight determinations, but it may be 
hazarded that these values were both low. 


c. Snrub Preparation. Parboiling and defoliation were generally 
accepted as dcsirable practices and were followed throughout the research 
discussed in the followiag pages. The topic of defoliation is discussed 
further in the section “Recommendations for Future Research". 


-  - (1) Cutters. During the life of the Emergency Rubber Project, con- 
Siderable attention had been paid to the types of equipment needed to prepare 
the shrub for milling. At one time it had been contended that rotary fly- 
knife cutters (such as the Ball & Jewell or Sprout~ialdron) should supplant 
the use of crushing rolls. However, practical expericnce in factory scale 
Operations indicated that maintenance costs for these cutters was excessive. 
Furthermore, even on the large sizes of cutters, the feed throat was so 

narrow that all means of automatic feeding of whole shrub proved impractical. 

wiand feeding resulted in exorbitant costs. 





Of any sherp-edged cutting devices was not effici t sing guayule. A 
conventional force-feed hamnermill (Greundler hay Crindex nstalled at 
Spence mill near Salinas toward the close of the Exergency Rubber Project. 


{2) Crushers and hammermills. Cradually the feeling grew that the use 
roe 


After minor modifications to strengthen the screen suppert-at the point of 
entrance of the shrub to the milling chamber, this unit functioned with only 
t; ahd 2 


: & similar machine would be 
‘recomended as the preliminery comainuting machine in any commercial operaticn | 


now foresceable. 


It has not seemed feasible to eliminate crushing rolls from the mill 
circuit. The fact that the front and rear rolls turn at differontial speeds 
and impart a “smearing” action to the rubber-bearing cells is highly advan- 
tageous in securing rubber release. In the event the latex in the cellsis 
not already coagulated, coagulation cecurs rapidly upon rolease of latex 


from the cclis. 


The effect of shrub preparation will de discussed in the section "yield 
Studies". At this point it may be said that the only types of equi paent for 
shrub preparation that would be recommended for inclusion in a factory would 
be some form of a continuous parboiler and defoliator, hamiermills and 
crushing rolls. : : 


d. Yield Studics. (1) Hrfect of shrub preparation. In the work done 


2 the storage studics, it had been demonstrated that coagulation of the he 
essentially completed by parboiling 


wr otex in freshly harvested shrub could be Ly ; : d 
and subsequent mechanical treatmcnt without the eddition of .coa gular é ry 
chemicals. Recoverics in this work were about 90 percent of the evailebl ose! - 

rubber hydrocarbon in the shrub (according to the method ot phembenh nae 
then used us standard) under conditions that admittodly might not represen 
tho optimum for maximun rocovery- 
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Batch mill studies were carried out to determine the effect of additional 
mechanical treatment of the shrub after parboiling on the degree of coagula- 
tion of the latex, and upon the recovery of rubber hydrocarbon in the crude. 


The first of these experiments involved extra crushing as compared to the 
standardized contrcl milling. The results of this experiment shoved rubber 
hydrocarbon recoveries in the control of 90.1 percent. * Where the shrub had 
been crushed six times the recoverios increased to 98.5 percent. The mean 
difference reguired for Significance at the 1% level was 5.4 percent. At the 
Same time, the- losses in the effluent, that is the rubber lost as latex, 
dropped from 5.7 percent to 1.4 percent. The least significant difference 
here amounted to 0.6 percent. Losses in the bagasse were 7.3 and 5.6 percent, 
respectively, but were not significantly different */. Te was evident then 
that an increase in the enount of latex ccagulated could be brought about by 
mechanical treatment. 


In further experiments other methods of shrub preparation were tested. 
The results of these experiments are sumaarized in the following table. 


Table 3. Rubber Hydrocarbon Recovered from Shrub 
Prepared in Yarious Ways 
(Mean values for the entire experiment) 














Shrub Preparation ‘Hydrocarbon Recovery 
Percent 
Crusned 2 times, hammermilied 1 time : 90.8 
Crushed 2 times, hammermilied 2 times : 96.8 
Crushed 4 times, hammermilled 1l.timoe -: 97.0 
Crushed 4 times, hammermilled 2 times : 100.6 





The difference raquired for significence at the 5% level is 6.2 percent. 
In’ this casc, as in previous work, the residual rubber in the bagasse remained 
about the same for each method of preparation. Increased recoveries in the 
crude were due to a decreases in the losses of latex in the efflucnt. 


All the work cited thus far was carried out by batch milling in 27-inch 
batch mills, and iné@iceted that virtually complete recovery of rubber hydro- 


Carbon was possible with this type of milling equipment. 


— 











4/ The consistency of excess rubber hydrocarbon accountability by chemical 
e analysis of tne mill vreducts that indicates more rubdcr than can be shown 
by chenical analysis of the shrub (modivicd Spence-Caldwell method) has 
given rise to considerable speculation in the past. The success of cheri- 
ical analysis of the shrub by then approved methods was based primarily : 
upon extraction of the rubber fron the plant material by suitable ppLvenee 

To say that batch mill balances were the bost criteria Yor estimation o* 
rubber available in the plant was to say that the milJ products were more 
completely and readily extracted by the solvent in rubber analysis thar 
was shrub inaterial. 
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(2) Degradation by milling processes. Concurrent with the above work, 
some investigations were made to determine whether the rubber hydrocarbon 
was being degraded by the various processing Steps. Degradation was .judged 
by measurement of the molecular weight of the rubber hydrocarbon. A drop in 
molecular weight would probably indicate degradation by oxidation and chein 
cission. Briefly summarizing, it may be stated that none of the shrub pre-- 
paretion or milling processes resulted in a significant drop in molecular 
weight. Molecular weight of rubber in the Sipe as determined by an Ostwald- 
Fenske viscosimeter, ranged from 160,000 to 165,000. After the milling, 
values averaged 162,000. Folicwing paila treatment and scrub milling, the 
average molecular weight was 157,000. This figure is not statistically sig-. 
nificant. Drying at atmosphere in a circulating draft oven did result ina 
drop in molecular weight when the rubber was not protected by an antioxidant. 
The molecular weight of such rubber was 141,000 and this drop is significant. 
The maximum drying temperature employed was 200° F. Without going into ths 
details here, it may be said that later work, when the rubber was protected 
by a suitable antioxidant such as "AgeRite ‘yhite"™ and the maximum drying 
temperature was lowered, degradation to this extent did not result. 


(3) From tube mills. In conjunction with the preperation of several 
thousand pounds of rubber for testing in aircraft tires, a controlled tube 
Ymill yicld study was made. For this study, the shrub was given the optimun 
preperation compatible with the maintenance of steady production of eee 
The shrub, after being harvested, parboiled, and defoliated,; was cut throug 


the Papec and Ball & Jewell cutters. It was nm crushed, -hammermilled, 
Crushed, hamnermilled, and creshed in the order given. The feed rate was 
held as close as possible to the optimum rate previously indicated in explor- 
atory experiments. These indications were that eae feed of 100 to 125 pounds 
per hour (defoliated dry weight) gave close to the raximum yields obtainable. 
During the course of ae yield study, which ran through 8 days actual milling, 
the actual fecd rate was 110.6 pounds per hour. The total amount of shrub 
fed was 5,421.25 ae éry weight. The total azoumt of rubber hydrocarbon 
available, according to chemical analysis of the shrub, was 912.8 pounds. 
The amount actually recovered in the crude was 661.64 pounds or a percentage 
yield of 72.5 percent. a ig 
F : 
In this work the water-to-solids ratio wa 
It was not possible, with the equipment and fa 
this ratio without variation; however, ratios ed. Dene 4.5 to 1 to: 5.7 
fee at the entrance to No. 1 mill. Occasiona ily it was necessary to add a 
small amount of water at. the transition between No. 1 and ee emills. This 
WAS especially truc early in the morning Lefore the slurry had warincd up. 


21d to approximately 5 tol. 
ti 


s ha 
cilities at hand, to maintain 
ranz 


All the rubbor produced in this yield study was floated across the rec- 
taneular flotation tank. The bagasse wus discharged fron the bottom of the 
tank then passed through a continuous centrifugal filter. Bagasse samples 
Jeers taken at regular intervals and analysed for residual rubber. Effiuent 
Was lost to tho sewer at two points, 1i.c., fron the mill sump and from tho 
Centrifugal filter. Swap losses of total effluent averaged 1,305 pounds per Ys 


hour; those from the centrifugal rilter averaged 1,958 pounds por hour. v 


Losses of rubber in tho bagasse totalled 107.66 pounds or 11.8 Berebite 
sanples in 


of the rubber hydrocarbon availablo. Rerlotation of bagasse si 
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battery jars failed to disclose any free floating rubber. "Losses therefore 
mist be attributed to rubber in the bagasse which was not released from the 
plant material by either shrub preparation or milling. 


Combined losses of rubber from the sup and from the centrifugal filter 
were 16.75 pounds or 1.8 percent of the total rubber available.: This givos 
a total rubber balance of &6.1 percent. The discrepancy must be. attributed, 
in part, to faulty sampling and in part to the difficulty of making effluent 
analyses. Probably the greatest source of error in carrying out yield studies f 
in tube mills is in attempting to decide exactly when to begin collecting 
data and when to stop. If the mills had bcen operated uniformly over several | 
consecutive <4-hour periods, the matter would have been relatively simple. i 
As it was, the exact retention time of material in the tube mills was never 
precisely established. It was observed in those cases whore mill shut~dovwm 
for several days was necessary, upon resuming ne eeah again there was an 
Overlap period of 2 to 3 hours when new and ola material issued frem the mill 
discharge. Consequently, on intermittent Ener the exact time when a 
given lot of material has passed through the mills must be estimated. An 
error of judgment at this point would offset the validity of interpretation 
of any yield data acquired. 

The yield of rubber hydrocarbon as reported ones while not satisfactory, 
probably represents the most accurate analysis of tube Cary yields that has | 
ever been made -~ either in comercial milling operations or research wise. t 
gnese yields point to the fuct that tube mills may not be the best possible 
tool for the recovery of rubber, or that considerable additional work is 
needed to develop the optimum milling procedure. = 

| 


(4) From jordans. Jn addition to this one study of yields from the 
mills, considerable work was dons using a Noble & Wood "Baby" jordan as 
milling tool. 


In early laboratory or pilot plant investigations with small jordans, 
they were operated in a batchvise manner. Bri efly, the procedure consisted 
of charging one of two vessels mounted above the jordan with a given quantity 
of prepared shrub (usually 5 kilos). To this was added sufficient water to 
make up a water-to-solids ratio of 5,5 tol. The slurry was agitated with an 
air or electric mixer until the slurry achieved a consistency which it was 
believed would pass through the jordan. Then a quick-opening valve would be 

opened and the mass would be allewed to flow into the jordan as ri coe as 
possible. It would, after being passed through the jordan, be all ed to 
colleet in the second vessel over the jorésn. The slurry would as i be passed 
through the jordan alternately from one vessel to the other with Set ay 
tighter plug settings until milling was judged complete. 


As work progressed, it became evident that closer control and better re- 
sults could bo obtained if the shrub and water could bo introduced directly 
into tho inlet throat of the jordan. If this could be done, largor amounts 
Of shrub could be handlod at one time. This in turn, it was believed, would 
lossen the. experimental error of the 5-kilo batches. fA special feeder Lor 
this purpose was built. (See the section on "“Jiachine Design and Development"). 
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In the current work two jordans were available: one a Noble & Wood 

"Baby" jordan; and a Valley Iron Works machine of about the same size. Thr 
the Noble & Wood jordan the plug was about 144 inches long, 134 inches in 
diameter at the large end, and S-3/4 inches in diameter at the small end. 

The blades, or bars, used were 1/8 inch wide, fitted onto the plug and shell, 
and held in place by wood filler blocks. ‘The plug had 35 bars and the shell 
@&&. The Valley Iron iJorks jorden was similar in design, but there were no 
wood fillers so that the bars formed rather desp channels on both the plug 
and the shell. . 


Believing it would be necessary to use progressively tighter plug set- 
tings, two wood tanks were set up to hold the slurries between passes. Zach 
tank was equipped with an electric mixer to hold the slurry in suspension 
until it could be passed through the jordans agein. The jordans were set up 
in series so that the slurry would pass throush the first jordan (Noble & ood) 
then into the second jordan end on into the first slurry holding tank, fran 
whence it would return to the first jordan, into the second jordan, and then 
into the second slurry holding tank. The tanks were of such size that about 
375 gallons of slurry could be handled at a time. 


Early attempts to use this mill set-up were not very successful. It wa 
not possible to provide sufficient agitation in the slurry holding tanks a 
hola the slurry in suspension. YTurthermore, the second jordan plugged up vory 
shortly after beginning a mill run. Each time it was opensd up it was found 
to be full of milled out rubber. As the result: of many trials with this 
mee clear mill set-up, the conclusion was reached that all milling could 
probably be accomplished in one pass in the Noble & Wood jordan if the proper 
Bteteves were used; and that, because of the absence of woods, the Valley 
Iron Yorks: jordan would never be suitable for milling guayule. (Correspondence 
with the manufacturer bad resulted in the information that internal alteration 
of the Valley Iron works racbine was not readily feasible.) 


The Valley Tron Works jordan was pulled out of the line and work was 
concentrated on the Noble & Wood machine. ; 


In the early work, while the development work on a suitable feed device 
Was being done, it was noticed that if the feed rate was held dowm, milling 
appeared to be complete in one pass through the jorden. [n other words, Se- 
tention time in the jordan could be governed by tho rate of feed. The jordan 
did not, as previously suspected, pump itself dry, but would put out slurry 
water and shrub wore fed to the intake. As 
were dispensed with 
sunp for dilution and ; 


frua the discharge only as fast as 
a result of these observations, the recirculation tanks 
and th slurry from the jordan was passed diz rectly to a 
flotation in all subsequent experinents. 

While milling seemod to be comploto in one pass 
Violent and it seemed possible that such drastic a tion might prove deleter- 
lous to the physical properties of the rubber. An experiment was run to gat 
an idoa as to rubber quality as judged by the Mooney value of the raw rubber. y 


, vhe action was very 


: - ele vatt 

Plants used wore from a 7-year-old dryland planting of Variety 995 from : 

Spence field. As soon as practicable arter harvesting, the shrub was prepare 
in tho standard coutrol manner. Milling wis done with the jordan set up 
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fairly close (until it sang). The feed rate was 134 pounds, dry weight, per 
hour. Shrub moisture was 33 percent. Water was added at the rate of 800 
pounds per hour, though this varied somewhat due to fluctuations in water 
supply pressure. 


The rubber was collected, decorked in the baica then scrub milled ac- 
cording to standard scrub mill procedure. From the scrub mill the rubber was 
arbitrarily separated into three lots or batches. These were deresinated by 
leaching with acetone in the following manner:- Each lot of rubber was spread 
out in a layer on the bottom of a screened-bottomed tray. The first lot was 
treated with 6 washes of fresh acetone using 2000 cc. per wash. The lots were 
allowed to stand 5 minutes in each wash and were drained for 1 minute between 
washes. The second lot used the last 5 miscellae from lot #1, plus one leach 
of fresh acetone as the last step. The third used the last 5 miscellae fron 
lot #2, plus one leach of fresh acetone as the lest step. Atl lots were 
ellowed to stand in the dark at room temperature until dry. After the lots 
of rubber were dried, they were analyzed chemically and evaluated as to their 
Mooney viscosities. The results of the chemical analyses and jiooney values 
are tabled as follows: 


Table 4. Characteristics of Deresinated Rubber from 
Jordan Millings 














Composition - Retch 1 Batch 2 Batch 3&3 

pe esi dra es, % > 884 : 3.44 :; 4.00 
Rubber hydrocarbon, % :* 96.87" ": SS717 = 292736 
Ethanol & Bonzend insolubles, %: 466 : 4.52 : 5.19 
eee oe 2- HOSS ae: 95.0 


ML 2l2° Fr. — 5 minutes 








From this it would appear that the viclent mechanical action to which 
the rubber is subjected’*in the jordan is not deleterious to rubber quality. 
The Mooney values are in line with those obtained from the pebble-milled rub- 
ber. Such variation as is apparent is attributable to the variation in the 
residual resin in the rubber. 


A good many experiments were carried out in an effort to get yield datz 
which would be subject to reasonable interpretation. All of them failed be- 
cause it was not possible to maintuin a steady BndeconstallueLOveOlewaver co= 
quired to make up the slurry. These variations in line pressure vere duo to 
heavy momentary drains by the baica. All regulating devices used did not 


Correc. the situation. 


S s finally cvolved which gave fairly satisfactory hydraulic 
A system was finally cv z 
equilibriun. The system precludod the use of the baica for decorking, but 


did perinit recirculntion of water and rocovery of all the crude rubbor. All 
the water which wont cut of.the system went out with the bagasse. Thereforo 


the rubber shown to be present in the shrub by chemical analysis could be 
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balanced against that found in tho crude rubber and that in the bagasse. 
Thoorotically, this would permit a rubber accountability of 100 percent. 


The system is doscribed as follows:-— Shrub was fed to the jordan to- 
gether with the required amount of water. From the jordan the slurry was 
passed to a sump where it was diluted. The diluted slurry was pumped to a 
continuous centrifugai filter where the rubber, cork, and most of the water 
were separated from tho bagasse. (It is worth noting here that most of the 
cork goes out with the rubber and water, but the centrifugal filter throws 
out more cork with the bagasse than does a conventional flotation systen.) 
fhe rubber, cork, and water were passed from the centrifugal filter over a 
vibrating screen. The crude rubber and the cork which constituted the overs 
were dried in a tray drier after which they were analyzed chemically. The 
water anc dissolved plant solids which passed through. the vibrating screen 
were pumped to'a surge tank for temporary storage. From this surge tank the 
eiiluent, as it was called, was pitaped to the mill sump for slurry dilution 

and to the jordan where it was used as make-up mill water with the fresh 
shrub. The plant solidscould build up to a maximum point where they would be 
throvm out with the bagasse. Fresh water was added only in amounts: sufficient 
to replace that which went out with the bagasse. 


a 


) A great number of experiments were run utilizing this system with con- 
siderable success. Total accountability of both total solids and rubber 
hydrocarbon was maintained with remorkable accuracy and reproducibility. 


From the experiments carried out, it my be co oncluded que’ {1} eras 
in the Noble & Wood jordan did not give satisfacto 

carbon. Such yields ranged from 69.8 ue 78.6 heen nee The mean recovery we 
76.25 percent. Total rubber accouni a from 92.8 to 103 percent. 
The averafre accountability was 97.9 SEE otal solids accountability 
could be maintained with satisfectory accuracy and acccuntebility. Such 
accountability rauged from 95.1 to 100.7 percent, with an average value of 
98.1 percent. (3) Most of the losses consisted of wimilled rubdber in the 


bagasse. Such losses ran as high as-2l.6 percent. 


(5) Varieties and hybrids. Yield studies were not confined to different 
modes of shrub prepzraticn or to the use of such different milling tools as 
batch mills; tube mills, and jordans. Originslly, it wes pla anned to conduct 
similar studies on the cifferent varieties snd hybrids as they were developed 
by the cooperating Bureau of Plant Industry, soils, and Agricultural Enginecr- 
ing. The development of the various strains @id not oceur as rapidly aS 
anticipated, so that only one such test wus carricd out. Soveral aca Ue 
were used in carrying out this study. Their history is outlined 1n Table 5. , 


Millins'was carried out according to tho standara control peace e Cx~ 
cept that a water-to-shrub ratio of 5 to 1 was used ins stead of 4.0 tol. © This 
‘A was done because the plants were rather youns, and higher St aN aa hnrub 
J ratios had beon found beneficial in the rocovery of rubber From your shrub. 


Milling was carried out for 90 minutes instend of the usual 60 in order to 


ae 


insure obtention of oll the rubber possible. 
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. Table 5. Parentage of Varieties and Hybrids’ 
rsa ee ee ee 


Strain. Parentage :Chromosome : Age 
D-65 @ Guayule 593 Xo Stramoniun 43709 SO | asco 
p-118 S Guayule 42268 iY Bepahoat ea 43691 Nie. 90 3 
D-153 © Stramoniun 43691 x@cuayule 4268 54 3 
D-155 Q stramoniwa 43691 xP quayule 4263 54. 3 
eeco-t Feral, from Durango, Mexico 54 3 
4265-X Selection from 4265 from Durango, Mexico 72 3 
593 fcCallun strain 72 ; 5 
Mariola No. 19 (Guayule x stranonium) xc bard oe -90 2° 
tiariola No. 2 ce Guayule X Dis le . : 72 2 








After milling, the rubber was deresinated by repeated leaching with fresh 
acetoze until the miscella exhibited no apparent traces of extractable resin. 
The acetone remaining on the rubber was driven off at room temperature and 

the rubber analyzed and tested. 


* Milling characteristics of the different strains showed widely varying 
characteristics. The observed differences in processibility are discussed 
as follows ; 


Strain D-65. ‘Joodi fibers were very long. Small+worms of rubber 
were observed after one hour of milling. ‘Worms after milling was 
completed were a bright olive green color, very buoyant in the 
flotation tanks, though difficult to recover because of their 
fineness. 


Strain D- 118. Mood fibers long and stringy. Flower stems were 
profuse. jo distinct womns discernible at the end of one nour's 
milling. At the end of the milling the worms were very enall, 

bright green and difficult to skim because of their small size. 


Buoyancy was average. 








Strain D-153. Long wood fibers. No worms apparent at the end 
of one hour. At the end of the milling period, the worms were 
exceedingly fine, dull olive green in color. 





Strain D-155. ood tough and fibrous. Much more difficult to 
handle than fuayule. Flower stems profuse. No distinct worms 
At end of milling the worms were exccedingly 


at; one hour. 
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small, difficult to handle, and dull olive ereen in color. 
one. Dricd deresinated rubber not rubbery in texture; more like 
dried putty. 
Strain 4265-I. Very difficult to defoliate. Wood fibers 
comparable to usual guayule. At the end of milling the worms 
were typical grey-green and about of usual Size. Rubber very 
buoyant and floated more readily than most. 


Strain 4265-X. Defoliation not difficult. Wood character 
ordinary. iorm characteristics same as for 4265-I and 593. 


Strain 593. Wood fibers very much shorter than for any 
hybrid, but about the same as the two varieties of 4265. 
Worms formed at end of one hour milling, and at the end of 
the milling period exhibited normal characteristics. 


Mariola hybrids. The total amount of material available fron 
‘these two plants was so small] that it was not possible to 
process it in the small batch pebble mills. Accordingly, it 
was milled in the attritor. At the end of milling, the rubber 

aggregates were very fine, not worm-like, and could not be 

recovered by conventional skimming. = 


The relative amounts of rubber hydrocarbon recovered by miliing showed 
considerable variation. Recoveries expanded to a per acre basis sre set out 
as follows: 


Table 6. Potential Rubber Hydrocarbon Yield Compared with Actual 
Recoveries for Various Hybrids and Varicties 





OW : RHC Available : RHC Recovered : Percentage 
Strain : per acre s. by milling : Recovered by Milling 
Pounds, Pounds 
D-65 : 275 | eee. 2h ; 64.0 
D-118 : Ai; : 289 : 91-1 
D-153 : 122 : 42 : 3404 
D-155 : YSoe oe: 72 : 46.5 
4265-] : 365 : 365 : 100.0 
4265-x : 4.76 - 470 =a. 98.7 
095 $ 294 : 251 . Pe tient 
) , ck " 
Mariola X's : 46 : 2l : : i 
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Carbon in the bagasse and effluent. 


were (a) crush once and hammermill o 


The apparent advantage of the comparatively high yields from D-118 and 
D-65 are misleading because of the small size of the worms which would make 
recovery in a factory operation practically impossible at the present stage 
of process research and development. 


It should be noted that as the concentration of rubber in the shrub in- 
creases, the mill recovery (percentage-wise} increases. This is illustrated 
in the regression Gepicted in Figure 1. This tends to substantiate previous 
work which had shown a constant and epparently fixed loss of rubber hydro- 


In conclusion concerning this test, it may be said that (Ll) preparation 
of the shrub occasioned no unusual difficulties. Strain 4265-1 was difficuls 
to defoliate. All hybrids that had one Parthenium stramnoniun parent had 
tough, long-fibered wood. (2) All hybrids produced very small worms that 
were difficult to recover in the flotation system. One hybrid (D-155) pro-~ 
duced a dry deresinated crude that was not rubber-like in texture. (5) Pighes 
per acre yields, according to these tests, might be expected from guayule 
strains 4265-I and 4255-X. All guayule hybrids showed less rubber rer acre 
than any of the straight guayule strains; and guayule X mariola hybrids were 
the least promising of all strains tested. 


(6) Slow milling studies. In April of 1952 an experiment was set un on 
a factorial design to evaluate mill speed and milling time cn shrub t 
received three different comminution treatments. hese different treatments 
rush and hammermill then recrush; 
i 


iy 
oO 
Q 
~~ © 
Oo 
aQ 


ane (c) crush and hamwnermill then recrush and re-hamermill. Two di? 
mill speeds, 50 and 80 percent of critical, were used, each at four di 
Mietine times, viz., 50, 65, 80, and 95 minutes. The 24 millings required 
mere randomized as to order of processing, end milled in sets of four cach 
week over a period extending from April 14 to June 14. 


i 


The effects of the various treatments om rubber quality were also noted. 
All calculetions for percentage recovery of rubber hydrocarbon, as well as 
mill balances, were based on analyses of shrub and mill products made by the 
shaker method then accepted as standard by the Project. 


Ss 


The shrub for each week's run was harvested, parboiled 20 minutes, 
pped with 


defoliated, cut through the Papec and through the Ball & Jewell cqui 
a 1/2-inch sereen. It was then split into four samples, and each 
given the cormminution prescribed for its pesition in the randori ae 
All were held wnitil the following day, then each was milled at the speed and 


for the time called for in the random pattern. 


> 
‘ 
i z 
a2) 
\~ 
V2 


was given the normal paila and scrub mill treat- 
the standard method. mentioned elsewhere in this 
over night at room temperature, weighed, and 


The rubber from each lot 
Inents and then deresinated by 
report. The rubber was dried 
sunpled for chemical analysis and Mooney value. 


Bagasse and efflucnts were handled as in the standard control milling 


procedure. 
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The percontage recovery of rubber hydrocarbon for millings at 50 percent 
of critical speed avoraged 81.42 percent; and 80 percent of critical was 
863.04 percent. This difference is not statistically significant. 


However, the increasesin yiclds with increased milling time are statis- 
tically highly Significant. The average yields for the various times being 
at 50 minutes, 73.65 percent; at 65 minutes, 81.04 percent; at 80 minutes, 
84.35 percent and at 95 minutes, 84.89.percent. 


The yields alse increase with inereased pretreatment—-the averages being 
for one crushing and one harmermilling 78.63 percent; for two-crushings and 
one hammermilling 63.15 percent; and for two crushings and two hanmermillings 
64.91 perceat. The least Sica aos ciffcrence at the 5% level is 4 percent, 
indicating that the effective limits of pretreatment with the equirment in use 
was being approached with the sscond crushing. This is borne out by the fact 
that there is a highly significant difference between the rubber losses in the 
bagasse from shrub crushed and hammermilleé co only once and that receiving a 
second crushing. The second hammermilling had no further Significant effect. 
These losses are, in the order of increased comminution, 7.79, 6.39, and 
6.46 percent, respectively. ‘ 


- 


There are highly significant differences, in rubber losses in the bagasse 
due to speed of mills, times of milling, and the speed x time interaction. 
This is shown in Table 7. 




















Table 7. Rubber Hydrocarbon Recoveries as Affected py 
Milling Speeds and Tine 
weCritical—. : Time Millea - jiinutes 
Speed : 5 : Somes 80 : 95 
_ Percent : percent Ruober Hydrocarbon Recovered 
50 : pele anes 7.64 : ee : 4.48 
80 : Bol6o oo 604) pote eel. ace eee LU 








Losses of rubbor in the bagasse decrease with increased milling tine. 
They are also greator in millings atv 50 a8 cent of critical than at &0 fer- 
cent. The differences due te speeds disappear with longer milling times. 


ve 


While mill spec ce and milling timos have no significant effect on rubber 


losses in ye effrlucn shrub preparation has a highly significant cifect. 
The second crushins 1 te these losses by 3.4 percent from these obtained 
Been onn _oeneee ~ one karmermilling. The second hammermilling made no 


Significant further reduction. These losses, in the ordcr of increased 
conminution, are 8.24, 4.93, and 4.79 percent, respectively. 

There were no sigmificant differences in resin content of the deresineted 
crude rubber due to any of the processing variations. The mean, and standard 
error, for the experiment was 2.99 é 0.62 percent. 4 
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There were no significant differences in ethanol and benzene -insolubles 
content of the crude rubber due to any of the processing variations. The 
mean, and standard error, for the experiment was 4.54 4 0.51 percent. 


There were no significant. differences in ash content of the crude rubber 
due to any of the processing variations. The mean, and standard error, for 
the experiment was 1.63 / 0.21 percent. | 


There is a significant correlation between Mooney values and resin con- 
tent of the crude rubber. For each increase of 1 percent in resin content 
the Mooney decreases an average of 2.5 points. Inasmuch as the various milling 
treatments did not have any significant effect on the adequacy of deresination, 
the variations in resin content are considered as random results of the batch 
system used for deresinating in this expsriment. The statistical evaluation 
of the effect of processing variations on itooney values has been perforined on 
Mooney values corrected to the average resin reading for the experiment. The 
differences in Mocneys due to shrub comminuticon are not significant. 


Table 8. Effect of Shrub Comminution on Mooney Values 











: Commi nution | Lverage Mooney 
Crush 1 time, hemmermil) 1 time : 95.7 
Crush 2 times, hanmermill 1 time : 92-7 
Crush 2 times, hammermill ¢ tines : 9S.1 








‘Qhere are highly significant differences due to milling time and speed” 
of mills. 


Table 9. Lowered }iooney Values Reflect Degradation of 
Rubber Hydrocarbon by Prolonged Milling 


“ire Milled — tinutes 


Critrcale=: 
Speed : 50 ; 65 ‘ 89 : 95 
rooney Ve ih a5 
50 ¢ OS aad, : 95.2 . 92.7 . eo 
80 : 0550 : 93.8 : 90.3 : 89.7 





Phe average differences between 50 percent and &O percent critical speeds 
is 2.7 Mooney units. 


Increased milling time decreased Moonoys an average of 1.4 units per 
10 minutes of milling, time. 


Inspection of tho Mooney data reveals markedly higher values for rubber 


na c Toews Fe i ’ x Vr 
produced From shrub harvested in June (the last 2 weeks or the exporiment). 
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Unfortunately, the random assignment of treatments to milling dates: SUAS 


in all three 50-minute millings at 50 percent critical speed falling in the 
last.2-weeks. 


e. Deresination. (1) Resin distribution and related characteristics. 

- Guayule shrub, dopending on its age and variety, contains from 5 to 15 percent 
‘of acetone soluble constituents, or resin. 65 to 70 percent of the total 
resin in the shrub is usually extracted by the deresination procoss, and this 
results in a reduction of more than 90 percent of the resin normally present 
in the es rubber. . 


° 


During the pebble milling process commonly used for the recovery of 
resincus ruober, part of the resin becomes incorporated with the crude rubber 
as amajor impurity. In most cases, the crude rubber is found to contain 
about: one-half of the total resin originally present in the shrub. Analyses 
of a:large number of samples reveal that the ratio of resin to rubber. hydro- 
carbon in the crude rubber obtained from freshly harvested, defoliated whole 
shrub is closely related to the ratio of resin to rubber in the shrub tissue. 
A Similar relation exists with respect to partially deresinated shrub and the 
rubber milled from it. 


When roots or branch tips of guayule shrud are pebble milled separately, 
however, somewhat different relations are found between resin- -rubber ratios 
in the tissues of these parts and in the crude rubber. Essentially all of the 
root resin, for exanple, appears to combine with the rubber during milling 
since the resin-rubber ratios are not significantly altered by milling. Cruie 
rubber recovered from the tips of guayule plants has a resin-rubber ratio 
lower than might be expected, judging from the relatively higher resin content 
of tip tissues. 


These findings indicate that shrub tip resins are of a different nature, 
or at least in the pebble inilling enviromacnt they behave differently than 
root resins do, because they do not combine so rapidly with the crude rubber 
during milling. Deresination of shrub by acetone extraction app arently re- 
moves the different types of resin. of tho whole defolia ted shrub in the same 
proportions as initially present, as indicated by the cons stancy of resin- 
rubber ratios already referred aoe 


Crude rubbor produced by the cours onal milling REESE varies widely 
in chemical and physical characteristics. This is duo prints arily to the amount 
and kind of impurities trapped in the rubber during the miliing, as Wel a 
the degradation of the rubber taking place during the so-called conditioning 


of the shrub: to coagulate the latex. 


The resin content of the crude rubber ranges from 20 to 35 percent and 
varies with the variety and age of the shrub, a el ea ee See ef Se 
handling, and pretreatment of shrub before milling, aid Midge dpa ees ce 
methods of reducing this rosin content have been tricd with indifferent suc- 
cess. Vhe rubber to be doresinated was obtained by conventional milling and 
usually was subject to degradation, sometimes severe, vigteaneien aie) 
to the conditioning treatments it recei vod. Frequently the rubber thus pro- 


\ de 1 e Le me }. ELied 
duced was further degraded by drying before deresination Very often in tl 
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deresination process many fine worms floated in the miscelle and were lost. 
Several solvents have been tried such as ethanol, acetone, furfural, glacial 
acetic acid, 2% sodium hydroxide in 95% ethanol, etc... While all of these 
reduced the resin content of the rubber, somé of them had a deleterious 
effect - especially on the aging characteristics of the crude. 


_, hus, while the deresinated rubber was superior to the resinous rudber 
from which it was produced, it did not reflect the inherent quality of the 
guayule rubber. 


Retting as a method of conditioning the shrub and reducing the resin 
content offered some improvement in the quality of the crude, but, as is 
pommced Out elsewhere, the process was difficult to control ane ie resin 
content was rarely reduced below 15 percent. 

The deresination of shrub as soon 4s BS ssible after harvesting, by means 
of acetone, was first suggested as a method toc See toe the latex at the 
time when the rubber hydrocarbon is in its most unifoxrm state and at its peak 


of quality. This could be performed under strictly controlled conditions 
without the cegradation usually associated with heat or bacterial action 
during the conventional conditioning of the shrub. 


unt of rubber was vrro- 


During the Pnergency Rubber Project, a ROU 
er pneria that 4, very lyieh grade 
t tO 


duced by this method. Tests on this rubb a 
crude could be ieee At this time, doth acetone and ethanol were used as 
solvents. Acetone vas finally decided upon because it ssemed 8 give better 


end more consistent . at room temperature. It also had a lower boiling 
point and latent heat, and could be separated completely from. wa ter 
solutions. 


Investigations in the chenical Laboz -atory in this connection indicate 
that somewhat different values for resin content of shrub and rubber samples 
are obtained, depending upon the choice of resin solvent. [It was found that 
the shrub contains more ethanol-soluble then acetone-soluble material, but 
that tho corresponding rubbers have either about the same or slightly “Lowox 
values for ethanol solubles. The results are shown in fable 10. These find- 
ings are not surprising”since the resin is knovn to canprise a mixture of many 
different constituents and cannot be considered as a definite chenical entity. 
They emphasize, however, the necessity of carefully standardized procedures 
of ppelysis to assure comparable values. 
ee that 
HorLe ne 


Guts 


During the course of the work on contro] milling, it was discove 
the letex in freshly harvested "lush" shrub could be ‘couguiated by pare 
followed by the mechanical treatment of cutting, crushing, heumaerimi Llins, 
Crude resinous rubber produced under conditions governing the milling; of “Lash 
shrub was uniform in quality and rarely showed any signs of deterioration. 
Two methods of approach were now available for the production of crude 
rubber of uniformly high grade:--Sshrub dcres ination prior to milling and 
deresination of worms from lush milling. ach of the two methods offered 


cortain advantages. To determine over-all superiority it was necessary to 
investigate both. 
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3 fable 10. Resin in Shrub and Crude Rubber as Determined by 
, Acetone and Ethanol Extraction 


Numser : Resin Content by : Number ;: Resin Content by 


: of sAcetone Extraction: Ot sethanol Extraction 
Material :Samples ; : Standard ;Samples ; Standard 


sAnalyzed: Mean :Deviation :Analyzed: Mean Deviation 
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1/ Shrub was extracted with acetone in connection with laboratory and semi- 
pilet-plant-scale deresination experiments. 


s first studies ci shrub deresination were 
carried out with shrub static in cells and the mi scella flowing countercurrent 
to these cells. The apparatus ae co onsisted of a serics of 25 tywo-quart 
jars, each provided with a tube leading to the bottom and an outlet and an 


air vent at the top, as shown in ave re Se . 


(2). Shrub deresination. Th 


Le 


In setting up the series each "C" was conne 


iG to oe mn of the next 
jar. In the first step of the extraction eee he Ss 
i 


duced at "Cc" of 
recov a rey f the 


ucceeding 


5 
ms 
Kw 
2 


jar No. 1, snd the heavier water and resin soluti 
last jar in the series, and cut into 2-quart frac’ 
runs. In the leaching step, the leaching miscells Pron 
the last jar, and the lighter acetone solution wa be mene ton of jar Ho. l 
and also cut into fractions and saved. A AQ-mesh sereen was placed over the 
opening of funncl "A", and another at the mouth of the jer "B" to prevent 
clogging of the tubes with shrub. 
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In operation, it was found that a gram and a half ef fresh acetone per 
gram of shrub, following the last cut of miscelle, s enoush to comple 
extraction; ae on the leaching step, four grams or waver per grem a 
following the last cut of leaching mi revel les completed the leaching - 
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: who? Yr 2 iF oy Abed es 
After harvesting the shrub, it was parboiled 20 minutes and aero tated 
ansilage cutter, then by 


The defoliated shrub wis coarsely cut through an enst*ant 
mrotary knife cuttor with an Q.5-inch screen, erushed by passing twice through 
“rushing rolls with a O0.002-inch clearance between rolls, and finaliy hanmer- 
Wailled through a O0.5-ineh scrcen. Th is preparation was completed on the saire 


day the shrub was harvested. Solvent extraction Was begun the following day. ry 


veal ~ 






dry weight basis, of the cut and 


Each jar was loaded with 250 grams, 
: ; shrub was adjusted to 60 percent 


¢rushed shrub. Tho moisture content of the 
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- APPARATUS FOR 
LABORATORY-SCALE 
GOUNTERCURRENT DERESI! 
OF .GUAYULE SHRUB 
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by adding the proper amount of wator where necessary for the 


; sake of uniforni ty 
of different lots of shrub. 


When the miscella had been used on six successive runs, it was considered 
that ecuilibriun conditions were well established, and each 2-quart jar of 
Miscella was sampled. Analyses were made for content of acetone, resin, and 
water solubles,. 

The curves in Figure 3 show the water-soluble and resin concentrations 
attained in the extraction experiment, and the acetone content. of the misceila 
at different stages. The different stages of extraction were arbitra rily 
divided into 100 theoretical stages for convenience and ease of prescnvation 
of the results. 


Theoretical stages 1 to 66 inclusive cover the dehydration of the shrubd 
and the extraction of resin with acetone; 67 to 100 cover the leaching of the 
shrub with water to, recover the acetone. 


The repid and complete dehydration of ‘the shrub (stages 1. to 66) and the 
sharp bresk in the curve (stages 67 to 100) from nearly pure acetone to a low 


acetone concentration ere particularly novsvorthy. Of extreme interest ara 
the two high points in the resin concentration curve. This phenomenon eS 
been evident in all tho various miscellas produced and evidently denotes a 
partial Tractionation of the extract Soe espect to solubility in 


scella containing a hich 
3 S Was Speers The ecetone curves 

HSTe .eao ae oss of acetone with either the outcoing 
Peacella oO 3@ runs, the ratio of miscella to shrub on the dry 
weight was of the order of 12 to 1, and goo? extraction was cbtained in about 
@ hours. Limitations of tke equi pment prevented investigation of shorter cx- 
traction times,. and different miscella to skrud ratios. 
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the advancing miscolla. Bebtweon eee 
concentration of saponi } 
illustrates 
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Sea. dg were sclected at ran- 
was pebble milled 
xtracted shrub and 


After each of the six ruus was backia ons 
dom: for analysis of the shrub, end the sirub from 2 
for recovery of the rubber. The resin a 
the rubber from each run,are included in the 
The chemical analysis of the rubber from the ae 
@ resin content (as determined by ethanol extra ction) of 1.66 perce asta 
hydrocarbon 89.70 percent; and cthanol and benzene insolubles of 6.503 berccrt. 
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th run, bree ex Seer showed 


Results of proliminary tests are shown in Tabie ll, wherein data for 


COX” ot ASF ime be + ais Teves ia ® -« 
shrub deresinated rubber ure compared with rresponding data for Hevea & 1 
co 


ae tren laLlre: , wri twos 
Snokea Sheet and comercial resinous guayule rubber. Stress See es 
Yer the respective vulcanizates indicute that the shrub dercsinated rudscr 


approaches jievea prasiliensis in quality 





In the surmer of 1950, 100 pounds of rubber from deresinated shrub wor 
required for tests by private companies. Ts. produce this rubber, pr ae 
Plant sesle apparatus was set up as follows; A battery ue senate ett BpaGyae 
feet lenge by 5-inches in diameter was constructed Bie ay pipe. ae 
tubos were mounted vertically, and cach was Pitted with a sree to Meee 
4 constant head for the introduction of acetone or wiscella ae Z on ie 
Previde semisautomatic operation. Tho design of these tubes 1s shown in 
Hi eure Ave, 
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SEMI-PILOT-PLANT-SCALE 
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Tadle Il, Comparative Results of Physical Tests of Shrud Deresinated Guayule Rubber, Resinous Guayule 
Rabber, and Hevea Smoked Sheet 
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Formule: Rubber - 100; Stearic Acid - 4; Zine oxide 6; Captax - 1,0; Sulphur -' 2.5; DOT - 0,04, 


ly. hveragé values reported by Place ond Clark, in Emergency Rubber Project, using special guayule 
formulae. 
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The shrub uced was prepared as in the preceding tests. Tube "A" was 
filled with the amount of this shrub normally used as a pebble mill charge. 
Bottle "3" containing acetone or miscella was inverted over funnel "C", and 
the flow rate regulated by valve "D". iiaintenence of Liquid level and with- 
drawal. of misceclla were autcnatic through pile "RH" provided with anti-siphon- 
ing pipe "F". When extraction was completc, the acetone remaining in the 
tube was drained off threvgh "I*. Leaching with water to remove acetone fren 
the shrub was accomplished by connecting funnel "C" to pipe "Tr", closing 
valve "G". ater and/or leaching miscella was introduced at "B" overflowing 
the acetone through "H". ‘vhen leaching was complete, the water remaining in 
the tube was drained off; the bottom flange "J" removed, and the charge 
dumped into a container. As indicated in Figure 4, the extraction miscella 
flows downwerd through the shrub while the leaching miscella flcws upward. 
These directions wers chosen in order to rinimize diffusion in the miscella 
by taking full advantage of the density differences of water, acetone, and 
mixtures of the two. 


In operation, shrub mcisture varied from 45 to 49 percent. As the mis- 
cella drained from the tube in cach run it was cut into 5-gallon fractions . 
and used in succeeding extractions, in the order of the cuts; the last cut of 
miscella was followed by pure acetone - approximatoly a pound and a half per 
pound of shrub. The first cut, approximately 5 gallons, consisted essentiaily 
of water normally present in the shrub. Jt contsined no acetone and was not 
used in succeeding extractions. Two and one-half gallons of miscella were 
removed from the cut, where the resin concentration was 4 to 5 percent, to 
maintain the resin balance in the system. The acetone concentration in the 
miscclla removed was 60 to 75 percent, equivalent to 11 pounds of acetone per 
pound of shrub. The difference between this figure for acetone removed and 
the 14 pounds added per pound of shrub is accounted for by evaporation in an 
open systen. 





ar, 


When extraction was completed, the shrub was leached with water to remove 

the acetone by introducing ater in the bottem and overflowing the inisceila 

at the top of the tube, as shown in Figure 4. Cuts wore also made in this 
miscella. These cuts were then used in the order taken for leaching succcod- 
ing extraction tubes. Anelysis of the first cut showed that it contained 

98 percent or more of acetone. This acetone was used to replace that. which 
was carried by the shrub from the extraction step to the leaching step. It 
was added as the last cut in the extraction step of the next charge of shrub, 


together with the acetone used to replace that. which was removed by the mis- 
s io ae - ss 
cella in maintaining tne Tesin balance. 


“ of the battery of tubo extractors will be found in the 


A photogra 
Appendix. 

a trouble was encountered meh ne of precipi tates in the back- 
hash meceliatcespecialiysin’ those SOOO gues ee orl Oey (eines 
ing from a high acetone content to ee ae Resaoval of the 
water soluble material by lenching, be neat inal ot Kg prior to extrac ve 
Pe thentoattho Penance OL these Bucales ee this prelimin f72\ 
water extraction jnereased the NN ee es percent, subsog of 
dehydration by the acetone nisculla was rendi?y accomplished, and the oxtrac- 
tion of resin proceeded normullye 
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One hundred and forty-three mill charges were produced in this manner 
Fach mill charge cf deresinated shrub was pebble milled 60 Pe euco Ree 
cent-of critical mill speed. The rubber was then given veneer tia i 
serub mill treatment, and was then dehydrated by immersing ee ate 
in 6 cells of acetone--- the first cell being the second Bell of the precédine 
charge, and the last cell being 100 percent acetone. The rubber his thon 
sprayed with an acetone solution of PENA in an amount caiculated to Weave 1% 
of the PBNA on the rubber. It vas then spread on trays and dried Bt oon 
temperature. , } 





Approximately one-half of the first 50 charges in this campaign produced 
rubber which showed a high resin content and low Mooney values. These low 
values were caused by using one or more miscella cuts out of their proper 
sequence--one error, at times, being sufficient to affect the rubber of 
several succeeding charges. iowever, as socn as a Gefrinite procedure for 

maintaining the preper sequence was adhered to, the rubber produced was uni- 
formly low in resin with a correspondinly high Mooney value. The average 
values for the last 91 of a totel of 142 runs was Mooney 95.9 / 3; and resin 
2.69 / 0.58 percent. This figure for resin is high by approximately the 1% 
PENA added as en antioxidant. oat y 
Several types of apparatus for the coutinuous countercurrent deresination 
of shrub have becn visuslized; litorature and patents pertaining to solveny 
extractors have been examined, & S e device has as yet been pro- 
@uced. The chief difficulties en ered are fines loss, bypassing of the 
miscella, and the maintenance of proper miscella to shrub ratios. Recent 
‘investigations, hovever, have indicated tha roper countercurrent extraction 
conditions can be meintained on a moving perior ted belt subjected to rocaed 
percolation by a system cf piwips, pumping from a series of tanks beneath, the 
belt to sprays above it. 7 ) 
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Due to the importance of other cbjectives, further investigations of 


ea, . Shrub deresination were terminated at this point. 


(3) Worm deresination. The existence of guayule rubber in the form of 
+. loosely aggregated, porous, eSpensy particles or "worms" (ca. 2-3 mn. x $-1 mn.) 
-efter pebble milling makes the rubber readily adaptable for the removal of 
its resinous constituents. Consideration of the propertics of the resin 
solvents, described under resin distribution and related characteristics, led 

~~ * to the selection of acetone as the solvent of choice. 


(a) Preliminary investigations. Accordingly, several preliminary 
experiments were conducted using acetone as the solvent in 
order to obtain some Imowledge as to the extent of, and the 
time required for romoval of the resins fron the rubber. 
Investigations were made using C.P. acctone at 20°, 40°, and 
DG°.C. > acetone containing 15, 25%, 359, and 50% water; and 
: acetone containing 1%, 2% and 46 resin in order to determine 
isk the effect of these diluents on the rate and extent of de- 
ee resination. Figures 5, 6, and 7 illustrate graphically the ¢ 
effect of temperature end the inclusion of water and resins 
een, on the rate and extent of doresination. Zhe solvent to rubber 


ratio was mudce oxtremoely Large (115 to 1) to climinato, for 
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all practical ‘considerations, the influence nt the added 
water and extracted resin (< 1%) on the course of the 
Geresination. Startins with 110 grams of moist resinous 
worms (ca 56% moisture) containing 27 grams of resin to 
100 grams of rubber (weight calculated on a resin-free 
basis); it was found that after 9O minutes of stirring 

the rubber worms in 7 liters of solvent at 20° C., the 
resin content aropped7 v8 2 grems of. resin to 100 grams of 
rubber. Inspection of Figure 5 shows that after 2 minutes 
exposure approximately 76%, and after 5 minutes approxi-. 
mately 81% of the total resins were removed. After 90 
minutes at 56°C., the resin content dropped 95% to 1.25 
grams of resin to 100 grems of rubver. At this temperature, 
2 minutes exposure of the worms in the solvent resulted in 
over 89% of the total resins being removed; and 3 minutes 
exposure resulted in the removal of over 95% of the total 
resins. 


e 


An inspection of the graph in Figure 6, depicting the 


effect that water exerts on the solvent power of acctone, 


shows that the presence of water docs not affect tho rate 
of deresination but markedly influences the extent of 
@eresinaticn. Figure 7, shoving the effects or included 
resin on the solveat pover of acetone, gives the seme 
picture in regard to the effect on the rate of deresin- 
Avion. Howover,.in i rpreting the Boe shown, attenticn 
is drawn to #imues 8 and 9 which shox that at a resin con- 
centration of 2% in miscella containing essentially no water 
(stage 12), normal drainage of miscelle of this composition 
from the rubber vould result in a hold-up of 14 parts by 
weight of miscella to 1 part by weight of resin-frece rubber. 
This would result in the deposition of -S proms ol regain per 
gram of resin-free rubber on the rubber sempled for enalysis, 
so that the solvent power of acetone containing 2% resin is 
about 50% greater than that which would be inferred from an 
ips 


inspection of Figure 7. The same holds true for miscella 
containing 4% resin. 


The next phase of rescarch was an experiment designed to 
determine the mxnbcr or stages ee the equilibrium conditions 
prevailing in a countercurrent extraction procedure. This 
investigation was begun at a ae rent-to rubbor ratio of ah to 
ie me es. stage. The results of this experiment showed that 


it was possible to obtuin deresination in 20 stages while 
Bee i niue oguilibrivm uv a peak resin concentration of 10% 
in the 7th stage. Figure 10 shows the grams of resin remain- 


ing on the rubber in each stkee. It can be scen that deposi- 
tion of resin on the rubber actually takes place in the first 
stages of the ee Sy so that more resin is found in the 
rubber up to and ineluding stage 7 thun is originally present. 
Thore are two factors whieh are responsible far this cituation. 
One is the defini ve solubility limit of resin jm acetone con- 
taining different mmowits of water so that, as miscclla 
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PRUGRESSIVE RETENTION OF WATER, AGETONE, OR MISC_EGA 
BY RUBBER IN COUNTERCUR RENT BATCH DERESINATION 
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(b) 


sey 


saturated with resin is added to freely drained rubber on 
which is retained misceila with a higher concentration of 
water, precipitation of resin on the rubber occurs. phe 
other contributing factor can be even by comparing the 

rise in retention ratio of miscelia to rubber in Figure 9 
with the practically perallei rise in resin value as is shown 
in-Figure 10. Table 12 gives the water, resin, and acetone 
balances of this syste: calculated as grams per gram of 
resin-free rubber 


Open system with agitation. In the spring of 1951, 4000 
pounds of deresinated guayule rubber were requested for 
4. 


truck tire road estirg. The apparatus used to produce 
this rubber was modeled on the Laboratory set-up, and 
consisted of a 35-gallc 


on stock pot with an opening at the 
bottom to allow drainage; a steinless steel 80-mesh screen 
basket, desi gned to contain the rubber, fitting inside the 
stock pot; and an aiv-driven mixer to stir the rubber 1n 


the miscella. After azitation, the miscella from each 














‘miscella in each stage Wa 
a 


stage wes drained into correspondingly marked solvent drums. 

The miscclla from each run, 2 nth the exception of that sent 

to the recovery still, was re-used concecutively in the 

succeeding run. ine “Leck in cach stage was pumped 

through a heat exchanger Lota lmetver. tank positioned above 
= 


the stock pot containing the rubber, ad then Grained by 
gravity into the stoc!s pot. 


Certain modificetions 17 tne leboratcry procedure yere 
introduced in this s em. The number of stages cmployed 
was reduced to 16, a: the peak resin concentration of the 
miscella was adjusted and kept at an equilibrium value of 
approximately 6%. Redis acetone, approximant} S59 
pure, was added to the f: tage, drained, ond sent to 
the still for recovery This served to remove sie es 
portion of the water in the first stage, pricing the peak 
resin concentration into the sixth stage. The volume of 

3 52 liters, with the ox eption of 
the first stage, which cont tained 72 liters of re edistilled 
acotone. Miseolla wes removed from the first, second, and 
sixth stuges to maints sin equilibriwi ith the incomng 
water and “pesin. 


An antioxidant, PDA in an acetone solution calculated to 
leave 155 PENA en the rubber, was added in the sare manner 
as was the miscella, and drained. This solution of PBRA 
yas re-used from one rn to the next with acetone being 
added to make up eny Ne ses, and PNA added to maxe up 

hat which had been Jeposited on the rubber. The calcula- 


TO Ga ee evar nt Ge the volume and concontration nucecssary 
to deposit TUNA on the ‘uabber by this method arc based on .@ 
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Table l2, ‘Water, Resin, and Acetone Ba ae nees for Laboratory Batch Dercsination 
(grans/gram resin-free rubber) a 
é 
a LD gS 
:Standard : :Stendard F 
Grams :Deviation M Grams: Deviation a 
Rese 
2 mo 
:Water removod in Stage 1 miscella OQ: 74S > 20.076 Ba 
sWater removed in Stage 7 miscella O.1CE : 0.026 ora 
tia removed 1/3 of Stage 2 miscella C.294: 0.027 Hh 
Water in wet worms ; ¥7 159 é 
:Reein r wo 1 miecclla C.0CS: 0.012 ae 
:Reoin cena Stage ie miscella 0.2590: 6.0147 Be 
:Resin removod E miscella 0.0215: 0.0032 & 
:Resin left in seem eea vores C.c2ue: 0,0020 re 
in wet worms : G5 3335 ie 
tAcetone removed in ge 1 miscelle 0.6C8 : 0,034 Bs 
tAcetone removed s 7 miscella ope es fa ae 
sAcetone removed Stage 2 miscella 0.471 : 0.015 - 
sAcetone removed on nated ruboer aeeed se) a0. 0lG ; 
L.écé 
sAcetone lost by evaporation and sampling 2.387 
Acetone edded to system 7.195 : 0.839 : Tole 3 . 
cere ee ee ee oe * 
1/ The stendard deviations were determined from the data of five runs made at equilibriun, 
oo 
Re) : 
{ 
Ww 
Me j > 
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miscella to rubber ratio of 1.1 to 1 iy This ratio is 
found in rubber below éf resin concentration under free 
drainage conditions. ‘“Aftcr drainage of the excess anti- 
oxidant was completed, the rubber was removed from the 
stock pot and vassed thaoue a eee serecn inorder to 
remove any lumps cf underesinated rubber. The losses in- 
curred were not measured ca a but they were 
substantial. After screening, the movies was dried for 

2 hours in a circuleting air oven at 40° C. 


A total of 47 runs was required to establish optimum 
operating techniaues, after which 170 runs were made in 
deresinating ever 5CGO pounds of rubber. & looney viscosity 
reading, ML @ 5 mint , of 90 had been arbitrarily assigned 
as the minimun ete for acceptance. On the basis of this 
standard, 41 out cf 170 batches were rejected; the remaining 
129 batches gave hKioooney values of 93 # 2; and an average 
residual resin content at Les f# 0.32 4 percent. 


IT 


& 


UESS 


L 
experienced with clumping of the rubber. At this time 

both a clothes wringer and a wine press were experimented 
with in an ettenpt to squesze the water out of the rubber 
to reduce the exount intreduced into the systom. aes 

it was found that this resulted in the.lumps.of underesinated 
rubber appearing in the finished batch which hed to te separ~ 
ated by screenings. + was then found that rubber receive: 


During the first part of the production run, trouble was 
7 





from the scrub will and held in stock pots filled with about 
an equal volunc of water could be broken up more easily and 
handled better if ths excces water were alloved to drain 

S i 


t 
freely off the rubbe in more water being 
introduccda into the system but did not measurably affect 
the equilibrium conditions. The resin peak remained at 
the sixth stage. 
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5/ An independent experiment, aesigned primarily to determine the distribution 
of water and resin in the miseella of a coumtercurrent extraction of wet resin- 


= 


ous worms, gave additional information concerning the retention ratio of the 


weight of miscella to the veignt of resin-frec cae’ in deresinated rubber at 


ercral levels of residual resin contont. ‘The solvent (acetone) was poured 
through wet resinous worms contained in an enclo une Rplee tubo (Lee em. x 

3.5 cm.), fitted with an inlet tube at tke top and a remilated withdrawul tude 
at the voLton and inclined at an angle of 7° from the horizontal. The di fi er- 
ence in weight between the wet Goresinated worms after free drainage and alter 
allowing the woims to dry gave tho weight of mis¢ella on the rubber. The 

wei ght: of resin-free rubber was enleulated from the weight of the dry doue 
ated wors,.and an analysis of -the res idual resin content. At 1.75% res Ln 
content, the area of miscella to rubber is 1.04 to Pos Ls 2 sin, 1 .0&6 
Boo at 6.4545 Set 1.207 tol. A Lairly good linear relationship 238 
indicated here and <a sxpression 2 .035x —- 0.977, whoro y = misccella re- 
tention ratio and x = sidual resin content may be used for approximetions 
throughout this fb). “This information concerning the retention ratio agre 
fairly well with the data obtaincd trem the roragoing experiment, as 15 
evident upon inspection of Figure 9. 
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f fines accompanied the drainage of 
rubber in each stage. If this method 

r in the solvent were used as a basis 
sination process, some method would 

ry fines recovery before the process 


farly in 1952 the need was 
paratus in which all of tne factors 
n Seer be rigidly controlled. With 
dard procedure for deresination 
OLac es in processing 
evaluated. 
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Figure 11 and consisted 
x 4" deep, with a 
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“side or a4 pump 
throu when cir- 
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ne controlled the tesperature of the 
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© cool the miscella to minimize vapor 
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sed was to harvest and prepare the shrub 


‘ for several baten extractions, or runs, as they are called in 
; the remainder of shis report. Then enough rubber was obtaincd 
by separate ee millings for each run as needed. This rubber 
was skimmed directly frem the serud mill flotation tank into 
the upper Reet aas er. Later, rubber for several runs was 
milled out at one time and, after scrub milling, was held 
under water for use as necded during the following S cr 4 days. 


For each run, enough of this rubber to make a bed approxinately 
. 2 inches decp in the container was weighed out and the clumps 
i broken up with Live steam. The worms thus separated were spresta 
uniformly andl without Packing seconinnaelys ® juches deep in the 
container —'. 
6/ No ditforences in Mooncy values or in residual resins in the rubber cols 


be dctected due to differen 


resination after milling, oe 


the container or steamed to 


ces in the tw metheds of milling, delay in 
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break up the clumps 
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In the first run, 6 cells of pure acetone were used at a 
ratio of miscella to rubber for cach cell of about 8 tol. 
With each succeeding run, one cell or pure acetone plus 
enough to make up for the acetone carried out with the 
rubber and that lost by evaporation was added. 





Sufficient runs were made to build the miscella to cquil- 
ibrium at 25 cells. At equilibriwm, cell No. 1 contained 


85 to 90 percent water and the peak resin, 5.52 percent, 
occurred. in.cell No. 10. The sysven was.kept. in.balence 
€ 2 


BekD: the wat ring vith the rubber by with- 


iscella from cell Nos. 3 and 


n 
Oo 
as 
FS 
10 


Enough runs were made to show that a standardized procedure 


described below could be adhered to readily and would pro~ 
duce adequate and uniform resin removal from beds of’ rubber 
produced under standard milling conditions. In these runs, 


no trouble was experienced with the loss of fine rubber 
through the screened bottom of the container. As the mis- 
celle was circulated, any fines which did pass through at 
first were filtered from the miscella by the bed of rubber 
itself. Rubber preduced during these runs had en averago 

- Mooney value of 93.5 4 2.5; and an average resin content 
of 2.81 / 0.52 percent. 
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The stendard precedure was as follows: 
& 





The rubber was sikirzred directly onto the screen from the 
scrub mill flctation tank. 


25 cuts of riscella were used. These ranged in gravity 
from .$80 for the first to .795 for the last. 


After each extraction, miscella was removed from both cut 
No. l and at 4 later point, determined in each case by the 
specific gravity, where the acetone concentration was 
approximately,90;;. The anounts of miscella removed at each 
point were calculated to be just sufficient to reaove the 
water end resin added to the system by the rubber. These 
fractions were analyzed for resin and water so that adjust- 
ments could be wade to maintain a uniform miscella throughout 
the experiment.. , 

Fach cut of miscella was maintained at a definite amount. 
Zvaporation losses and the amounts ew for resin and 
water removal were made up from tne succeeding cut. Enourh 
fresh acetone was added at the end to maintain 25 fractions 
of miscclla. 


5. Each fraction of miscella was circulated through the rubber 


ee G. The rubber was dried in a circwating air drier at room 





2 minutes and alleved to drain 2 minutes. 
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(d) Design studies. At a later date, a series of experiments 
was run to determine more about the factors necessary for 
the preliminary design of a continuous countercurrent 
belt extractor. 


Due to the limited time available, only a few of the many 
ssential factors could be studied and no conclusive results 
were obtained. Hocvever, the results of six tests indicate 
that at temperatures cf miscella ranging from 60 to 80° F., 
end using 97% acetone and 5% water, the resin in the rubber 
was reduced to 2.22 # 0.31 percent. ht 100° F. the resin 
was reduced epproximately 1% lower to 1.29 / 0.12 percent. 
There was no further appreciable reduction at temperatures 
Bonen co or. ns This 1% pea a in resin is accompanied 
by a sharp rise in Mooney value. wficient time was not 
vailable in which to determine oe other accepted physical 
tests whetner or not this rise in liooney reflected an 
actual increase in rubber quality. 


The rate of percolation of the miscella varied widely fron 
“run to run due probably to variations in the size of worms, 
Gensity of the bed, and other causes. In each case, however, 
it was slowest at the point of highest resin concentration. 
Only cne thickness of bed was investigated, viz., ca 2 inches. 


The epproximate rates of flow through the bed are listed in 
Table 13. 





Table 13. Rate of iiscelia Percolation Through a 2" bed of Rubber 




















Concentration of Miscelia Pe Pare On PercoLauuon 
3 : an : Gal. per minute per : 
Resin " Acetone : Water : square foot 

‘ Percent Percent Percent 

ae a Ae d . CeO ie ORO . ebl 
4,5°— 5.5 :  ° 89,3 : 5.9 : 46 

530 a Oo . 88.5 ie Sel . ae, 

6.5 = PEAS: . SPS ef ea a 238 

Wie — 8.5 2 85.3 : Mat . re 








In order to establimthe most econemical maximum re sin content 
in the miscella, these percolation rates would be a useful but 





The, solubility curve of guayule wax in acetone at various temperatures 
might indicate that this reduction in resin my be due to the extraction 
of this wax at the higher tempcratures, 
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not necessarily the deciding factor. Much would depend on 
the size ani efficiency of the still for recovery of acetone, 
the ratio »f miscella to rubber required in cach cell, the 
type of worms received from the scrubs mill, and other factors. 
The number of cells required would approximate 25. This nun- 
ber vould depend on the maxiimm resin concentraticn deemed 
economical under equilibriwn conditions, as well as the 

water concentration maintained in the first cell. 


Listed in Teble 14 are three sets of conditions which gave 
adequate deresination at room temperatures in our laboratory 
apparatus. 


fable 14. Conditions to Give Adequate Deresination at Room 
Temperature 


a a a I a nr A A RC Ln A he gp 
Vater in : j.@ciimuno Resin «= |}Cell number of ; Total 
Cell #1 : Concentration : jjaximum Concen- Number 
: : tration Mone Ce lus 





Percent : Percent : 


~“ 
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BOs 29075 6-7 29 


50 -— 60: 7-8 


w 
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pe 
ng 
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20 


CA 





50 - 60: 4.5 ~- 5.5 





a" Fach cell was circulated for 3 minutes and adequate draining 
time allowed to remove excess miscella. Water. and resin con- 
centrations were maintained by rem vying those enounts of mis- 
cella, calculated to remove all the water and resin that 
entered the system with the rubber, from cell No. 1 and the 
cell of peak resin concentration. As a control, checks by 

Se: chemical analysis were Iade frequently. 


The miscella to resin ratio for each ccll wes zwaintained at 
approximately 8 to 1 in all the runs made on this apparatus. 
In these studies, which were made at various times during 
an entire year, two different strains of guayule shrub of 
two different age groups (4 and 8 years) were used. The 
crude rubbers handled ranged in resin values from 20 to 

33 percent. 

The deresination process proceeded normally in all cases, 

as is shovm in Table 15. In series 1 and 2, pure acetone 
was used. In series 3 and 4, 9645 to 9? 5% acetone contein- 
ing 2.5 to $.5% wator was used. It is of extreme importance 
to note that dcresination can be successfully accomplished 
by using acetone of 45.5 to 97.9) purity without recours 

to acetone of higher purity. By reviewing the paragraphs 
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teble 15, Deresination of Rubber from Different Strains end Different Age Classes of Guayule 


ee ee es Oe ed Ce 
és: _: Age + Number : Acetone , ‘Original: Residual : Mooney 
runber: Strain: in ' or - Season of Year : Concentration :Resin in: Resin -* Value 
Samoles} : 
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on solvent recovery it will be seen that the production of 1 
acetone of about 97% purity results in materially lover : 
costs. The higher Mooney value of Series 4 may be due to Pts 


the use of younger shrub, a different. strain,. -or to factors 
so far unknown. 
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Besides showing uniformity in residual resin values between 


aa 


runs made under correspondingly similar conditions, flooded 2 
percolation showed uniformity across -the rat of rubber. For as 
example, for 5 positions on each orf 14 mats, the pooled “ot 
standard deviation was / 0.24% resin. i ‘$ 
| = 
Barly in 1952 it was necessary to produce some 6000 pounds x 
of dcresinated rubber for further tests by private companies 4 
and in airplane tires. For this work a large deresinator, aS 
modeled on the sme@ll-scale apparatus previously described, ome 
was built and installed on a platforr cutside the pilot ay 
plant building. This dere ssinator held two trays with per- oe 
forate bottoms (about 50% of the bottsm area was opon) = 
3g" x 42" x 4! deep. Each tray, when loaded to a depth of ae 
2 inches, carried approximately 25 pounds of dry, deresinated as 
rubber. Auxiliary equipment consisted of tvo metering drums “8 
for measuring the amount of miscella por stage; 4 bank of = 
25 drums for holding the various cuts of miscella; two pumps a 
for circulating the Pk S vim rack oS new and re- x 
covered acetone; and a still for the recovery of acctone end ig 


+ 


resin from the miscella. . . 
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The operation of this apraratus 
the same as that for the small-scal 
received for deresination was obtai 


.) 
2 
a) 
Ae 
be 
i= 
4 


irae 
tH 
Ra 
“ue 
a 
poe 
testing 
a 
«3 
¢ 
Re 
oF 
<2 
1s 


3 
sale 
tained by standard tube mill- 
ing procedure for lush shruod describes elseuhere in this 
report. The rubber was cleaned up by serud milling in 25- pound 
fetches (as calcwlated on a dry, deres inated basis) - the 
rubber being floated from the scru: mill tank onto the de- 





Yresinator trays. The trays were then placed in a holding me ee 
tank filled with water at a level: that kept: the rubber float- Si 
ing within the deresirator tray. If the rubber had to be held i 
for any appreciable time, the truys were covered to protect vk 
it from excessive exposure. z 
In the trial. runs with the large deresinaccr, it was fount a 
that the rate cf pumping the acetone cut of each drum and eS 
circulating it over the rubber was too slow for a 85-cell 5 
Bysten to keop up with the amount of rubber produced by the pie : 
pilot plant cach day. The decision to change tho equilibriun yg 
corditions and shorten the system was based on the above con- 8 
sideration and on the finding, that, since the deresinator was ey 
not vapor-ticht, a considcrable loss of acetone occurred r ; 
during the circulation of the miseella. The anount of mis~ ; F Ph 
cella that is withdrawn fron the systea determines the is 
Maximwn resin concontravion and other cquilibr iwa conditions 
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under which the system will operate. The total amount of 
miscella that can be withdrawn per day and sent to the still 
for recovery is dependent on the recovery rate Ol, the still. 
It was found that a 16-cell system containing 45 gallons of 
miscella Eee cell, and operating at a temperature of 352° ¢, 
was adequate to Heroatnare SO pounds of rubber down to a 
residual resin content of approximately 2% 
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He 
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72° 


5 The extraction systen was originally started with 12 cells of 
97% acetone, each ceil containing 45 gallons of solvent. The 
resin and water content was allowed to build up and a fresh 
cell of acetone was added at the end of each run wmtil the 

* system had been built up to 16 celis. Samples wero taken of 
the miscella from each cell after circulation over the rubber, 
and the percentages of total solids, water, and acetone 
determined. A study of the data Zccumilated showed that the 
cells contuining the maximum resin concentration contained 
85 to 90% acetone. Therefore the rubber was dewatered and 
the system efor tenet by adding 45 gallons of acetone as the 
first cell, circulating it over the rubber for 4 minutes, 
and allowing it to drain for 2 minutes. ‘he resulting miscella 
was sent to the still for recovery of acetone and resin. Ths 

. second and third cells from the previous run were likewis 
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circulated and sant to the still for recovery. The eh AS © 
cell, after circulation, was rovurned to one of the two meter- See 
ing aruns and losses thad occurred during circulation were eel 
made up in the fifth csll after it had beon circulated over aoe 
the rubber. After brinzing the fourth cell to volume, it 2am 
was sent to the bank of holding drums where it became the oe 
second cell for the subsequent run. [un the samo mamner, ee 
the fifth cell was made up to volune by the sixth cell ne om 
was then returned to be held as the third cell of the next bes 
run. Ths extraction was continuod in this way, the voluzie pS 
losses in each cell being wade up by the miscella of the i 2 
following cell, to the 15th and 16th cells, which were mado Pog 
up with 97% acevone recovered trom the still. Volume losses ee 
due to evaporation, sampling, spillage, etc., that occurred oe 
throughout the entire system during de resination, were also Se 
made up at this point by the recevered acetone. The 15th and ots Ag 
16th colls, after circiwlating over the rubber, became the : ae 


13th and l4th cells for the succeeding deresination. 


Operating under these conditions, the maxinnan resin concen- 
tration found in the miscella was approximately 26 - occurring 
in cell No. 3 of the system. Tventy-Cive percent of the resin 
Iresent was removed in the circulation and drainage of ccll 
No. 1. The second cell enterin;, the system removed no resin, 
but served to inercase the percent of ucctone in the ecarlns 
Fifteen porcent of the resin was removed in the third ccll and 
an additionnl 1b percent was romoved with the fourth cell. ~ The 
fifth call removed 12 percent of the resin. so that in tho firs 
2 cells of the system approximately 707, of the resin initially 
pres cmt in the rubber was removed. 
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‘was. found that this saturated condition was maintained by the 
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An antioxidant was added by circulating a saturated solution 
of di-beta-methyl—-para-phenylene naphthylamine (AgeRite White): 
in 45 gallons of 97% acetone over the rubber for 2 minutos, 
the temperature ranging from 20 to 25° C. Acetone will dis- 


+s. 


hes 


solve approximately 0.5% AgeRite White at 20° C. and, since ae 
slightly over half the weight of the contents of the tray 3 


after free drainage of the 16th cell was acetone, this proved 
to be a simple yet effective means of adding a ween amount 
of antioxidant to the rubber without the Nac ati py ick exercising 
rigid control in making up the antioxidant solution. All that . 
was necessary was to keep the solution saturated with anti- et. 
oxidant, and siphon off the supernatant solution as needed. [t ee 
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addition of 1 pound of AgeRite white for every 3 batches 

(150 pounds) of dry deresinated rubber produced. n analysis 
of 228 sanples for the percent of AgeRite White left in the 
rubber gave an average value of 0.4? # 6.09 percent. 
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The rubber that was deresinated in the morning was dried 
initially for 2 hours in a circulating air oven in which the 
air, heated to 40 - 50° C., was forecd through the rubber bed. 
Drying was cempleted by increasing the temperature to 65° C. 
for ‘an additionel ZO to 45 minutes, the drying time depending 
on the thickness and porosity of tbe rubber bed. The ce 
of drying was checked at intervals by taking the temperatuz 

in representative sections of the rubber bed by means of a 
thermocouple. The rubber dercsinated in 2 
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afternoon sas 


air-dried overnight and then dried at 65° C. in a circulating 
air oven for 30 to 45 minutes. 
Fluctuations o ff 20% in the quantity of rubber received for 


ve 
d@eresination, variations in the worm size, tendency of: the 
rubber to Hee at aifferent times, holding the rubber floating 
in the deresinator trays up to 70. hours before deresinatizng-—— 
all these factors exerted only slight efficcts on the systen 
and in the production of a high quality uniform dercsinated - 
rubber. The average and standard @eviation. of the residual 
resin content of £244 of the 25-pound batches was 2.10 y 0.380 
ae The average and standard deviation of Mooney vis- 
osity tests run on the same rubber vave an ML ¢- S min. of 


96 2. 


Over 5000 pounds of rubber were @eresimited by this method. ‘ 
Recirculating the miscella over the rubber took care of the 

fines problem completely. . In only one £o-peund sheet out of 

244 such shects dercsinated did the Mooney viscosity drop 

below 90. ; ; 


Solvent recovery. ‘Me still for roclaining acetone and resin 
Was 9 inodificd becr still designed for this specific purpose. al 
The column was 2 tect in diameter by 12 fevot high surmounted by 

another section 10 inches in diameter by § foet high. The 

whole coluwnan was divided as Follows: 
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1. The bottom 36 inches Beene a calandria 20 inches 


1S 


diameter by 24 inches long fitted with 100 one-inch I.D. 
tubes.for a total of Dep otaitpe COrBasbtt od heating 
surface. 3 


sit 


w 


Air peRiasiaads 


2. The next 40 inches, packed with rocks 1 to 2 inches in 
diameter, was the stripping column. 


5. Eight inches was unfilled and contained the feed distributor. 


ead 


4. Forty-cight inches packed with rocks, also 1 to 2 inches 
in diameter, was a refluxing column. 


Nees 


5. Twelve inches of vacant space. 


° 


6. The top 10-inch x 5-foot section contained a copper coil 
and was used as a dephlegmator. 

7. Vapors from the dephlegmator were passed through a water- 
cooled condenser. 
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Two air-operated temperature regulators were used for controls-—— 
one controlled the vapor temperature at the outlet of the 

, dephlegmator by regulating the flow of water through the copper 
coil; the other controlled the temperature at a point 15 inches 
above the bottom of the strippinzs columm, by controlling both 
the steam to the calandria and also 
to the still. 
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For continuous operation, the feei was introduced just above 
the stripping column eat item 3 in the description above. The 
bottom section was fitted with a constant level overrlow to 
remove wuter and resin, and to maintain the proper liquid level 
arcund the calandria. The still could also be operated inter- 
Mittently by introducing the feed direct to tke bottom section 


8S required to maintain a proper liquid level. 
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As a stripping still, it was Pee oats autom Poe in operation 
. and would produce approximately SO gallons per hour of 96 - 97% 
acctone. ‘When acetone of a higher quality was required, this 
96 - 97535 acetone was re-run through the still operated inter- . 
mittently. In this case, starting with miscella, about 100 hae 
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; 
Ballons of 98 — 93.5:5 acetone could be produced in 6 hours. b eee 
ee 

Prieanixsure flowing troma,the bottom of the -stillyconsisted of oe 
FOosin and au cisuleion of water ani resin--the free resin rloat- eee 
ing om top. ‘This cmulsion can be brokon by acidifying and cor- < 
tains approximately 59% of the total resin recovered. This Gf 
resin ccmponent is heavier than water. 4 
_ i 

Approximately 20,000 gullons of imiscclla were passed through a 
this still at various times. No trouble was encountercd with 3 
7 
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_that this apparatus was used for recovery of acctone only, 


removal of acetone from the shrub by leaching. Also, a 


“found in the resin from worm deresination. 


nwide Limits. The ac 
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resin plugging of the packing. It should be borne in mind 
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but that similar characteristics would be expected with 
most other suitable solvents. 
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Summary and discussion. [It is apparent from the work done 
on deresination that rubber approaching Hevea in quality can 
be produced aed: guayule shrub in several different ways. 

Of these, flooded percolation on relatively thin beds of 
rubber worms rah lush millings, seems to give the most 
uniform and reliable ohults. if 
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Guayule shrub can also be deresinated using the same method. a 
In this case, however, more cells would be needed for the he 


{nitial removal of water from the shrud; as well as for the 


separate set cf cells would be required for the removal of 

water from the rubber produced after it was milled out of 

the deresinated shrub. The advantages of shrub deresination 

over worm deresination are: the possible recovery of water 

solvent materials in concentrations up to 10 to 12 percent in miscella 
in emounts up to 15 percent of the shrub; and the recovery 
of more resin which could possibly contain fractions not 
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While a great deal co 
in both ways, very l 
shrub by both means under comparable a tions. Consequently, 
no valid comparis can be made as to the relative quality 

of the rubbers produced by shrub and worm deresination. 


ff deresinated rubber has been produced 
ittie has been ee hae from the same 
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In either casc, the amounts of miscella withdrawn. from the 
systen to maintai n and water balances varies between 
ae in the miscella, after removal of 
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resin and water, is r 


turned to the Sy et e 
* A = LR 
Jn worm deresination, the ratio of the amount of acetone to 2 


at 


the amount of deresinated rubber produced depends on (a) the 


resin concentration maintained in the miscella at the point t 
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of resin renoval; (b) the concentration ci waver in the mis- 8 
celia at the point of water renoval ; and (c) the amount of ¥ 
“water and res sin intr coue od atiahee, tho oy stein Wi oy the eride <4 
rubber. at 
a 

. . is 

The conditions governing the acetone requirerents would Ag 
: eee > 

undoubtedly fall within tho Limits Listed in Table 16. ‘3 
; Ss 

In the shrub deresination process, the fresh “acetone required 4 
s from 1.25 to 1.5 es per pound of shrub. (ith shrub ~ . 
~y yee . x 

averaring 1545 rubber hydroc: yrbon thie rutio oL acetono to re oS 
rubbor for deresination would probably be between 8.5 and 1O b 
eC! This ratio would be tnereused somewhat if the acetone ‘5 
used in arvying the rubber aftor milling were included. ¥ 
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The use of acetone of a purity higher than 97% and tempor- 
atures above 100° F. seemed to offer no advantages. 
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The flooded percolation system produced uniform rubber under 3 

widely varying conditions of worm size, bed depth, time be- of 

tyeen scrub milling and deresination. fAlso, there was no ce 

loss of fines in the miscella or loss of rubber due to % 
underesinated clumps of rubber. For. these reasons, flooded 4 
percolation deresination of worms has proven itself far ; ae 
superior to any other method so far devised. “ 

4 

While several thousand pounds of ee ap quality rubber have aS 

been produced, the rethceds of production used could in no og 

sense be called a commercial Be es In the development aa 

of such a process much pilot plant work remains to be done, .8 

Recent work has shown that the most promise Tor 4 successful = 
machine for deresination lies in some sort of a moving a 
perforated belt. a 
f. Latex Investigations. (1) Swemary of Emergency Rubber Project ork. ee 
Puergency conditions of orid Wer II prompted investigations of means for re- eee 
covering latex from guayule, beginning in 1942, as part of tho progran tor $ 
Dporoving the quality of natural rudber obtained from this source. ; 3 
. t 3 

rubber is % 


Wicroscopic examination of guayule tissue rev reals that th 
situated in non-connected ceils, 2nd also that approximately © 


oa 


3 percent or 
the rubber contained in freshly harvested undenaged shrub is in latex form. 
Treatments such as heating and desiccation of the shruo causes progressive 
Coagulation of the latex. r injured surfaces to air also 


promotes coaczulation. 
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Mechanical rupture of all the rubber-bearing cells under proper conditions 
could conceivably result in complete release of the guayule latex into a 
liquid medium. It was on this belief that hops was based for development of 
& Successful latex recovery process. 





e to disperse 85- percent of the rubber avail-~ 


y 


It was shown to be possibl gM 
o recover 90 percent of that amount by centrifu- I - 


- able in the shrub and then t 
tation fron the oricinel dispe 
Covery of about 76 percent of 

} latex containing S55 to SO percen 


oi. This resulted in an over-all net re- 


ce 

ie 

e snrub rubber in the form of a concentrated 
+ 
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hw 
ba 


ct 


solids. 


Guayule latex rubber showsd physical properties and chemical composition 
eWperior to those of reyular commercial guayule rubber. The composition of 


GMiayule latex rubber is quite similar to the composition of Hevoa latex fi lm; 


| 
Seep’ that the latter rubber is slightly lever ir resin and slightly hi gner | i 
ary insolubles, according to analyses shown in Table 17. Attempts to develocp es 
O process ss Yor recovering a part of the rubber as latex and the rest us "worm" 3 
tubbur were unsuccessful. a 
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The physical pronerties of the vul.canivates wore eroatly influonced by 


es 
the formula used. High tensile strength wae devolopod only when sufficient 
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Table 17. Chemical Composition of Guayule and Hevea Latex 





Rubber 

eencar cen, g, : sles ~ 86.0 : 89.0 — 91.0: ; 68.0 — 92.0 
Resin, % Pen 1 2. Oi eat eo. Omen G Oe" 60 
Insolubles, % Pe atari) oiiem. ety since 1.0 cuecet a4. 0 
Ash at 550° eee Oso 0 6 ae | Op eats tube tonic — 0.8 
Nitrogen, % PL ae Pa Ya pe ror pe a ss : 0.6 
Copper, ppm. ; 1-4 : 1-3 ; oe - 6 
Manganese, ppm. : 1-5 9 ie) ole 0.5 . 1-5 
Iron, ppm. : 20 - 40 ; 10 _ "30 : 50 - 70 














accelerator and activator were included in the Tormula. Yulcanizates of 
fuayule latex were characterized by lower moduli, higher eee elonsatior, 
lover permanent set, and sligntly lower tensile strength than those of Hevea. 
Vulcanizates of guayule showed poor aging qualities unless antioxidant wus 


added. 


Work on latex was resumed in 1947 and was contin ued until June 30, 19 
at which time a 40% cut in appropriations necessitated climination or thi 
line of investigetion. 


(2) Work done by Natural Rubber Extraction and Processing Investigations 
Project. ork on latex recovery from guayule, since that done by the zmergfoncy 
Rubber Project, was limited to the accomplishments during the period August 


Caw 


1947 and June 1949. 

(a) Disintesration of shrub for releaso of latex. Disintegration 
of the plunt cells of the shrub as the first processiny step 
was generally accomplished by the use of a rotary knife cutter 
in the presence of water for initial reduction, followed by 
treatment in a pebble mill for maxiwa reloase of latex. 
Several exmeriments were conducted with an 8-inch Rictz dis- 
sal type huxucrmill) to explore the 


intevrator (a vertic 
possibilities of using this equipment for completo release of 
Vhs cut shrub 


latex following the initial cutting treatment. . 
was Ted with added water at various rates,and varlous 5140 
sereana were usod. A Invximua of appre oxtmataly 87 porcent of 
the total rubber hydrocarbon present in tho sluub Was Pee 
when tho smallest sizo sereen (1-1/6-inch) was used. However, 
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there was definite evidence of latox coagulation which is 
believed to result from the drastic action of the disinte- 
igrator and from the centritugal action of the hammers which 
separated the added water from the shrub while undergoing 
disintegration. Similar experiments were also conducted 
“with a 12-inch Rietz machine, but the results were less 
promising in that the percentage of rubber released was 
appreciably lower and considerable coagulation of latex 
« ‘was observed. 
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Results of research conducted under the kmergency Rubber 2m 
Project indicated that when guayule s s processed Boke 
‘ 


“during the active growing season, Ap through September, 
difficulties were encountered which rendered centrifugal 
- concentration of the latex dispersions impracticable. Thé 
@ispersions wero unstable and coagulation of rubber took 
"* place within the centrifuge bowl during concentraticn, pre- 
sumably because of the sensitivity of the latex to mechanical 
agitation. Undoubtedly some component of the leaves caused 
or contributed to this instability, since removel of the 
Leaves before trocessing the shrud correctcd the condition. 
In fact, dispersions produced fren the whole shrub elways 
3 appeared to be ‘somewhat Less stable then those prepared from 
the same lot of shrub after defoliation, recardless of shruod 
age or season of harvest.. 


ates ip) 


York was conducted during the 1948 ercewing season to evaluate 
the relative stability cf latex as obdtsined from shrub grcvw- 
ing under difrerent soil moisture conditions, precessed with 
and without leaves. Pour-year-old snurcb was processed by 
2 


passage with added water througn t + 

cutters in series, equipped with 1/4- and 1/8-inch screens, 
respectively. The resulting dispersions, Prom which coarse 
plant solids had been removed by means of a basket-type 
centrifuge, were concentrated by passage through the usual 
DeLaval latex separator. No pronounces variations in dis- 
persion stability were detected in any case, even when the 
centrifuge was operated in such a manner 

coagulation by prolonging the retention time in the bowl. 
Wo satisfactory explanation exists for these resul 
comparison with previous observations. Jt can only de sur 
mised that the experience gained in th extraction cf latex 
from the shrub, and the subsequent handling of latex, nad 
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sessing to such an extent that : 
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Rebirhen rie 
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improved the over-all process 
previously observed difforcuces in stability were no longer 
apparent. 
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shrub was processed in-comparison with a 3 


materials whon whole 
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defoliated shrub. The quality of the Latex film rubbers, ac 
judged by chemical analysis, seemed to be independent cf 
shrub variables involved in those oxperiments. 
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Removal of leaves. Tho fact that the shrub could be pro- 
cessed for latex during the active growing season without 
apparent difficulty simplified the process to the extent 

that it was seemingly unnecessary to remove the leaves.’ 
Nevertheless, it wes considered desirable to defoliate the 
plants in order to reduce the amount of material to be 
handled, particularly the amount of finely divided plant 
solids which are dispersed in the latex. Since hand defoliation 
is impractical, and since parboiling treatment to effect leaf 
removal cannot be used in connsction with latex extraction 
because heat treatment causes rubber. coagulation, some 
chemical defoliation tests were conducted cooperatively by 
the Bureau of Plant Industry, Soils, and Agricultural Zngin- 
eering in an effort to obtain further information relative 
to the feasibility of such a procedure, and its effects 

upon latex processing. Thus far'it: has not been possible 

to cause shrub to crop its leaves as a result of chemical 
treatment, oe the leaves may be killed. Leaves are 

not readily removed in this manner because of the absence 

of an abscission eee 


Centrifugation of latex. Cutting and disintegration of the 
guayuie shrub in the presence of water, to effect release 
of the rubber in l zo elds a dispersion containing 
@ suspension of pl her with the latex rubber 
particles. The suspe aed. e from relatively 
to very aes oidal particles. 
Bisuust be) removed Pee ai sparsions by centri- 
fuginzg in the course of recover ubber. «During thas 
ee all centrifuging was accomplished by batch 
operation because no equirment was available which was capable 
of removing continuously the plant eee suspended in the 
latex dispersions. ae Linitation necessitated pericdic - 
stopping and cleaning of the Coneuee s equipnent. 
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A number of conferences and discussions were held with 
representatives of centrifuge manufacturers, with a view to 
designing a centrifuge capable of continucusly discharging 
the fine plant solids which remain suspended in the latex 
dispersion after mia cf the coarse plant solids, and at 
the same time capa uble of concentrating the latex. Such a 
machine (a modificd aan centrifuge) was designed and 
Eee for further process development; but only < a veu pre- 
efore curtailment of the jatex 
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mat 
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inary ruus were b 

enti ations. YVhese trials served to demonstrate that 
Beal “modiricatious of the bowl parts, involving plate 
clearance and scrum outlets, would be necossary before 
satisfactory separation of latex could be achieved in the 


mannor as visuslized. 

were conducted to determine the efficiency 
a Pelaval lutex contrifuye (S-ineh beet) 
difterent dispersion fecd rates and at 


Some experimenss 
of separation of 
when operatad at 
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molecular weight, and develornent cf. 


my 
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different bowl speeds. Thy data indicate, that approxi- 


mately 98 percent recovery of dispersed rubber may be 
attained at 9,000 to 11,000 r.p.m., with feed rates of 
about 400 ml. per minute. The efficiency of separation 
was lowered if the dispersion was allowed to stand until 
it became partially fermented. 


A. patent was granted for the develcorment of a bowl 
modification on a conventional latex centrifuge. This 
modification consists essentially cf a seal to prevent 
discharge of serum toward the cream outlet, and to pre- 


vent serim discharge other than that through a throttled 


serum outlet. The time which a rubber rarticle remains 
in the centrifuge is thereby controlled and clogging of 
the centrifuge by formation of solid or semi-solid masses 
of rubber is prevented. ; 


. 
7 


Aging of latex rubber. Sheeted cast fi 
from guayvle latex ages poorly by ccmraz 


Hevea latex rubber. Since it is knom 


a. 


Im rubber obtained 
ison with crude 
hat normal (whole) 
+ 


‘Hevea latex contains a substance or substances which serve 


to protect its rubber hydrocarbon, @ study was made to 


- determine the effect of adding Hevea latex serum constituents 


on the eging resistance of guayuic iutex rubber. amples 


were exposed to direct sunlignt ans she relative extents 
‘of aging were measured roughly by the accomp anying increases 
-in acetone and alcohol e ratis maverials 


s, decreases in. 
+eckiness or stickiness 


. 


Guayule latex to which ‘had been addsd serum obtained fron 
creaming ieee whole latex was TEASE ane improved in 
aging quality. Hevea serum obtaincd from centrifuged whole 
latex was soncwhat less effective, but gave results superior 
to the untreated guayule latex. Hevea rubber freed from its 
serum ingredionts was round to age poorly in comparison with 
the same rubber cortaining these substances. 
Cooperative tosts. A sanple of guayule jatex was submitted 
to the Firestone Tire & Rubber Company ror cx xamination wider 
the electron microscope. It was reported that few or bo very 
small particles were Found as compared wien Hyvea tox in 
which wany particles or much smaller size are nowmally evidens. 
It was also surprising to find no nictorial evidence ocr the 
approximately 15 percent of non-rudber constituents. [t was 
suggested that these materials are either. absorbed on the 
surfaces of the particles or are contained in the mass of 
particles. 


feo) 


~~ ae f° an 
Foun rubber seaples wore prepared from seme 01 Bee latex 
rubber. Some difficultics in attaining compound stability 
and evidence ls Shrinkace were encountered LT the prelinunary 


ne etre ally tuined. 
tasts, but a gocd product was eventually obtained . 
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, n addition to the lines of research 
eportcd on above, a certain unount of Eras design and £) thank er WOrk was 

cerried out. The various items will bs discussed in the paragraphs below in 

the order in which they would be used in a factory operation. 


g. Machine Desirn anc Devolorment. 


-_——- 











During the operation of Spence and Bakers- 

coutinuous parboilers were constructed and 

et for handling whole bales and 
angular tank Zi bved with a conveyor 


(1) Continuous parboiler. 
field mills duving World War ITI, 
put into et These units were 
consisted cssenbially of a covered rec 


for transporting ee dale and 


Benin exchan 


ae 
Boa uO 


minsain the water at 





the desired temperature. bees one were nee very successful for 
several ressons. In ths first place, it was difficult to get pansvzation to 
the center of the bale---conszauently defoliation was often incomplete. 
Seconily, there was no provision for handling broken bales so tha a3 a certain 


amount of material had to be prepared withous defoliation or thrown aay. 
Not infreavently bales broke inside the parboiler, + which necessitated shuvtings 
a Heat exchangers 


effected, 
many mechanical and 


clear-out was 
systems rovealed 1 


dovm this phase of operations while 
were inadequate in capacity and ths 
operating shortcomings. . 
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any commercial creration. Preliminary design drawings wert Dade 
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Supplies; for the removal of aludze which an Maes int the bottom cr the 
parboiles; and automatic tempe srature controls. Originally, it was belicved 
that a double draner conveyor would be required, but further study 1 Beto tre 
belief that a single top conveyor Se with raker testh would sur fice. Ho 
er de 21 work was aneae on the vote 
ss tee ae 


(2) Hammermill feeder. Very Little machine development would be re- 


quired for oe snarup preparation phases of processing. 
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research and deve ort: Comnercial force-teed hanmermilis arg available 

which will handic whole ghrub satisfactorily; however, there da not 7 

BaeobG Siniiar dcvices ern mh ei AVL Fable waich with handle shrub tine hese 

undergone: preliminary cemmmLnubion.e A roreu-foud device was constructas wnieh 
wrailabvlea hud the teed eae situsted 


proved satisfactory. The heammermill avr 
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short vertical section of heavy gauge pipe of upp S 
upper end of this shaped feed hopper. Ina the reed 


pipe onded in &@ CoOne-SsL . 
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serew conveyor forced the s rub continuously into the milling chamber. The 
unit was entirely succe ssful/belies manufacturers’ recommendations that 
hammermills not be used on moist or sticky matérials. Variations in design 
andthe use of multiple screw units would make such a feed device applicabls 
to large-sized commercial hamaermilis equipped with either vertical or 
horizontal feed throats. 

(3) Automatic bin discharger. A good many attempts have bcen made cver 
the past 30 or more years to develop an automatic discharge bin for surze 
storage of comminuted shrub. It should be possible to discharge such a bin 
at controlied rates to provide a constant feed to a milling circuit. ie 
such attemsts have failed bocause they have not taken into full account the 
unique physical characteristics of cominutel guayule shrub. The material, 
especially when fresz, is moist and sticky and has an almost unbelievable 
propensity for packing and bridging. It has been known to bridge completely 


across a l14-foot bin. 





Daring the rescarch work carried a by the Natural Ruvber Extraction 


and Processing Investigations pane everal additional types of bins 
equipped with autcmatic disctarges were is %, anc the ka ing charactver- 
istics or the shrub tate aie eee of these was entirely satisfactory 


but, as a result of this design work on what is believed 
to be a suitable reeetic Bis seer cia bin has been completed... A 
hematic drawing of such ea bin is shovm in Figure 13. 


. 





Certain salient features of this type cr 
here. For exauple, it will be noted thet sil. four walis of 466 bin ere in 
clined slightly from the vertical so thes the bin is somewhat smaller et th 
top than at the bottom. secause fresh guayvle shrub will cling readily t9 4 
vertical surface, it is believed this tapered construction 15 necessary vec 
prevent briczing. ’ The use of bin vibrators has not prevented bridging. Tre 
screw conveyors which make up the aaa sing floor of the bin limit the 
dimensicnus of the bin in their longitud Aimension. Scrow flights should 
not be longer than one standard eae es or more flights joined Dy hengers 

Snuted 


will not pass Sei: and -sueh features must be elimin 


and bearinzs simply 
in any construction. It is sugcested thet the use of such a bin as a source 
hooking up the 


of feed for the mill circuit could best eS accomplished by 
hing and controlling device such as a "Merrick 
ystem were to be used, the mechanical hook-up shoule 


s 
to reduce the time lag botweon control and chans2 of 


drive gece sm to a weigt 
eee ober We Gh 
. ?} 


ai 
Ss 
as possible 


cet Lese 
feed rete to the minimum. The weigning and controlling device could slso be 
utilized to eovern the addition of water to form the mill slurr} Hore, 
ae fe : . = = eeeha AGRE Jaen OV ENC Cae Reimer ane ye ta 
Geto, vic hooR=-uT: Shore) ce DE. vo eLosc 2s Sa cQ ediGay OS ebeieo” Lens. 


There was no opportunity sonstruct anil test the bin de sseribad above. 
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mewiec, it is beans isa that the tube mill fseding devices used = 5 
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amount of water added to the shrub so that the desired water/solids ratios 
could be maintained. A feed device that met these requirements was designed 
land construcsed. It is illustrated schematically in Figure 14. This unit 

was used only tor the jordans, but with suitable modification would be 
applicable for other milling machines. Successful use of tne slurry mixer 

| is Gependent upon the speed of rotation of the cut and folded flight conveyor 
| serew. This speed should be fairly high in relation to the amount of materiel 
being fed, since it is necessary to keep the shrub material from dewatering 

_ before it enters the milling ‘chamber. 
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ft (5) Rectangular flotation tank. During the Euergency Rudber Project, 
conside Beye York w2g done on the design and development of a rectengulsar 
primary flot:tion tank. Ete the progress of this development it was 
observed thet at low rates of feed the coarser bagasse settled inmediate 
at the point of entry into S. tank; that the velocity of settling was Tas" 
enough at times to create a down current sufficient to carry rubber worms 
4ho bottom ci’ the tank where they were trapped by bagasse; and that for 
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wd 
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successful opsratiion the norizontal velocity of entry ove: the lip of the 4 
feeder, as well as across the top of the tank, had to be in excess of 2 fect i 

per second. When this condition was met vhe coarse pagasse settled gradually 4 

and there were no eddy currents causing rebber to be trapped. “% 

| a 
| as 
Gane In 3 


A tank of this type was incorporated in the Bakersfie 
n 





operation, it was never entirely successiul. iT o ths : 
) Manner in which tne re was introduced to tho 7% ae In addition, the bagasss 2 
. a 
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o”d 
was removed at interna Stent intervals by an a 
water was removed with the bagasse that the = 
“was completcly stopved. Down currents, ceused by this excessive : 
water at the bottem of the tenk, carried rubber out with % 

In the course or process research ani deyélopment by the Natural Rubber 
Extraction and Processing Investigations Project, a new tank was designsdad and 
constructed. This tank was fitted with a constant level ov erflow, a drag 
conveyor, ard a tuvular screw conveyor - for the removal of bagasse, and an 
improved slurry seed device & schematic drawing of this suits wrsu litsurabien! abe 
shown in Figure 15. In the early stages of use, the conveyor for removine 
aifficulty by plugging up. When the speed of 


TB 


the bagasse Ak considerable 

rotation of the screw was increased so thay considerable water was renioved : 
along with tae bagasse, no further d difficulty was expericnced. A high rete 
ef flow across the top of the tank was Maintaincd at all times. Under these : 
Sorditions somc rine dazasse was carried over to settle in the baice tTeoc 4 
Miil:, but there was never any indicavior ot floating rubber carried out with 





(6) Dercsination equipacnt. mo developsent work on a suitable typ? oF 
Beresinition upparnicus wis earried out over an extonded period of vimc. A 
theroueh ‘Literatuse review indierted that almost all of the types of solvent 
extraccion anperatus in gene eral usa were unsuited for the deresination of 

it appenare:l that a continuous 


) fuayuie as e1thex snrub o> rubber. Hioweyver, 3 
3 eae ~ Sao ie ~. 2 
Boley tno of oe for oleozinous suostances might bo suicable. Zo ¥ 


Ts a ay oosorne vey mY eae 
determine the foasibility of using, such an apparatus, an cxvractor was Ouliv 
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remained static while the miscellac were moved countercurrent to it. This 
mtractor and its use have been discussed under the "Deresination" section 
of this report. ; 


From the data acquired from work done with this extractor, design drew- 
ings for a continuous belt extractor were made and supplies and materials for 
its construction were ordered. The necessity for producing rather large 
gmounts cf deresinated rubber for aircraft tire evaluation, coupled with slow 
deliveries of materials, precluded the building of this extractor. The | 
Original design called for the construction of an extractor in which extraction 
and drying would be carried out on a single belt. . However, while’ prenariry 
the rubber for aircraft tire manwrecture, it was observed that after deresi 
eiion the bed of worms beceme somewhat impervious to the easy flow of air thas 
would be necessary in tre drying operation. A schematic drawing ot a revis 
two-belt, continuous, countercurrent extractor and drier is showm in 
Figure 16. ; 

hs now visualized, rubber from the discharge of the scrub mill flotation 
tank would be forced under e water seal or through another type of air-lock 
device end Cischarged directly onto a moving perforated belt. The rubber on 
the belt would be spread and leveled to an even bed by a kicker and doctor 
blade. 


The space between the forward end return flights of the SALT OG Wak belt 
would be Civided into apvroximately 25 sections, cach of which would consti- 
tute a receiving tank for the miscella passing through the bed of worms. Zack 
of these tanks or stages would be equipped with a pump for moving the misceils. 


hs first section would serve merely es 4. drain soction for the renova 
£ the free vater carried into the system with the rubber. The pump fer tha 


Py 


ty 


Betion would pump the water, coming over with the rubber from the sers 
tank, together with any fines passing over, eee to that tank. The other 
pumps would cach pump to sprays above the belt so that Benes percclating 

e - 6 = a . a 
Beusch the bed would be returned to its ovm cell. The receiving + 


stages would be so arranged and Sree cotinine that as fresh aceto! 
into the lest stage, the quantity of miscclla in the receiving tank would in- 
crease until the surplug would flow by gravity to the stage immed iately pf 

.VMiscella would be removed av 
in amounts equal in 


ceding it - and so on back through the systen. 
staze Mo. 2 and at tho stage of peak resin concentration 
quantity with the resin and water entering with the rubber. 

pels would be broken up ena 
would bo cireulated to ronove 
anse most of the acetone fer 
recirculated. The dried ruobor 
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At the end of deresination, rubber on th 
Spread on a second belt through which Wart Si 
the acctone. This air vould be cooled to con 

The air would then be re-hnoated anc 
wmeuld then be disc hoarged through an air-Lock to be packaged for 


the consumer. 
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however, contribute to the develorment of fa aittties which would be include 
in a commercial factory. Brief mention may be made of such things as shruod 
conveying systems; a baica charging tank; a self-skimning scrub mill tank; 
devices for charging a batch-type scrub mill; a prepared shrub feeding 
device; a sample divider (previously discussed); end many other facilitating 
machines and equirment. 


h. Byproduct Possibilities. This line of investigation ¥ was discontinued 
in July 1949 and, accordingly, received no direct attention since ie time. 
fiowever, in the course of subsequent processing investigations, including 
resin characterization studies, additional information germans to bypresuct 
utilization has developed indirectly. Therefore, this section Will consist 
of a survey of past developments expanded somewhat on the basis of a recent 
findings of related continuing projects. The byproducts of gua VuLe woictn cay 
be considered to have possible values are outlined, togethe r with eee ey 
projected uses, in Table 18. 
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Table 18. potential Byproducts from Guayule. 
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Recent investigations hore have shovm that upwards of 37 percent of 


the "worm resin" consists of unsaturated lons-chain fatty acids, notably 


| Jinoleic acid, along with traces of linolenic and oleic acids. originally 


combined in the resin in the form of esters, these acids may be reloased by 
an appropriate saponification process (disclcsed in patont application), and’ 
after subsequent clean-up steps be obtained as a marketable drying acid 
fraction. ‘These acids may be obtained in varying degrees of purification and 
fractionation (see section on resin characterization), depending on projected 
end uses Of the products obtained. Linoleic acid itself has long enjoyod an 
established position in the paint and varnish industry.. 


Cinmnamic acid, present in resin as the ester of partheniol from which it 
wmay be obtained by saponification, is also a bypreduct of established valus 
«in the cosmetics and pharr: Aceutical’s industries. A recent wholesale prics 
(Chem. & Eng. News, Sli, 485 (1953) in 100-poure lots was given at $1.70 - 
1.80 per pound. 


A “d@rying resin" fraction (see section on resin characterization) readily 
obtainable from shrub resin by solvent manipulations is a hexane-ins soluble, 
alcohol-soluble "shellac-like" gum resin which can be easily polymerized to. 

a heat resistant clear coating of gocd solvont resistance. [t is this Trac- 
tion, constituting about 35 to 50 percent of the shrub resin, but a much 

maller proportion of worm resin, which undowotedly has been the por tion or 
guayule resin of prime aterest. to varnish and paint manufacturers. 

The terperes of Miri constitute a potentially valuable “naval storas" 
type of byproduct. Volatile terpenes which comprise only about 3 - 9 ed nt 
of the worm resin, but a much higher proportion of leaf resin, include alpha 
pinene, di pentens, cadinene, partheniol, ani others. Sesqui-, di~, and 
higher terpenes are also readily cbtainable in significant quantities from 
the non-volatile unsaponifiablo fraction. Since addivional characterization 
studies should be carried out on ones fraction, it is not fe casible at present 
to assess its future byproduct potential. However several years ago one of 
the leading pharmaceutical companies one mou) for a time const idered using 


their process s (undisclosed, but possibly one of the synthetic adrenocortico— 
tropic ho os) Their in aost eS wanea when a regular supply of 
fartheniol could not-be guaranteed. The byproduct uses of the simpler ter- 
Penes,such as alpha-pinene, are woll known and too numerous to cite hore. 


Future interest in parthenyl Peak, encore and its saponification products 
ae perhaps enhanced by Enéeebceit! @ilsclosure (U.S) Tatent’ 2,572,046} ofa 
Mel Grocess for its isolation from guayule resin by a liquid-liquid ex- 
traction, 


= ig ec » ASL oO 
Another constituent of gunyule resins and/or water extracts a F gt 

. . ; _ ee apts iT Sites 5 
Shtib is betaine. Comenly obtained as a byproduct of the sugar beev industry, 
, a v Aretha ds J QO. T- ‘ we ate , adi: + ) . 
‘tring has a limited market as a pharmaceuticel and as an intermediate 1n 


ea eas ee ala omens ho heayicals. =e 
the Production of surtace-active agents, disiniecea: its and other chenic il 

a ‘ 5 eer 4, 1 f Oompa n Le 
It 1s aso produc oa symtnotically by the Chemo Puro WIVTALIL: acturing Cat iny, 


Long Is) oj : » To> -t] solation of betaino 
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fron plant extracts 1 har wecently been develope hero (9.8. 
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| The cuticle wax from guayule (constitutes about 0. 25% of lush Tate of 
the foliage) has always been regarded here as one of the meee promising a 
products of guayule processing operation. Its relative hardness, molecula 
weight, and melting point justify its consideration asa eg hae = pouecees 


or extender. In the present program, it has not been possible to devote 
much time to its separate investigation. . 


(2) Water solubles. The water solubles of guayule can be classified 
into three types, polysaccharides, amino acids, and lnorganic salts. Tho 
polysaccharides comprise levulins (fructose polymers) and pentosans, including 
possibly xylan. The smino acids include betaine, discussed above. The in~ 
organic salts have not been thoroughly inv resti gated, but appear to include 
some oxalates and various potassiwn, sodiun, and calcium salts. Of all these 
Substances, the inulin-derived levulins are probably of greatest practical 
interest because of the possibility of their conversion to low cost alcohol. 
Present in the defoliated shrub to ae extent of 8 - 12 percent (iffB), the 
levulins are readily extracted by hot water (80°C.). Thus, they will con- 
centrate in the milling and other processing waters to the extent of 3 - 5 
percent. Further concentration might result from greater re-use of process 
waters. The direct conversion of the hizh polymeric inulin to alcohol in 
90% yicld can result from fermentation with the proper strain of Saccharcemyces 
fragilis (NRRL). Despite the high cconcontration of pentosans (xylan) in tho 
@Guayule tissue (12-15%) its low solubility in hot water precludes the presonce 
Of much of this matcrial in processing waters. if readily obtainable in si 
Mificant quantity, it could be used as source material in the production cf 
"furfural. The processing waters have in the past also been used for irriga- 
%LOn purposes with no appsrent haraful result cn shrub growth. .In sucha 
case, the amino acids present might supply seme of the nitrogen requirenent. 
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(3) Bagasse. The barasse constitutes the largest and probably least 
valuable byproduct, at least on a@ weight basis. Nevertheless, its importance 
aS a source of fuel for guayvele processing is indisputable. Work conducted 
at the time of the Emergency Rubber Projcct showed that properly dried bagasse 
Can be made to supply all heat requirements needed for large processing opera- 
tions. For this purpose bagasse must be dried dowa to 35 percent moisture 
content. This can be agcomplished in two stages; first, a reduction to 63-65% 
Moisture in a centrifugal ee follovea by further drying by means of stuck 


U 


: ra . sy = analesom Bice 
Gases. The entire operatic including the stoking, can be handled mechanic 
; ~ 3 MEDS 65 CH 
ally. Other uses curgosted for bagasse include filler for brick, pre sed 
: 150 im “ii Th Nee 
less, pressed board dG, and compost. When used as compost, considera Ley aGE 


sous material must be added as the bagasse alone ties up the avaLlapile 
Nitrogen in the soil. 

(4) - Leaves. Whe Leaves represent an important, aibeit ODIs Bee ee 
Of guayule resin, especially volatile torpones, Wax, GAT Phat rie ae os 
parboiling and defoliation were necessary in the processiny, of suayule for 
rubber, a5 now scons probable, much of the value of the leaves as a BAREEe OF 
Pesin vould be dissipated. Leaves, however, do constitute an excellent soil 
mendiont, particularly wien composted. Leaves, after parboiling, cae also bo 
CCaprassed into a sort ot building bourd that, due to the structuro’ ot the 
Leaves eres 


possusses a pleasing pattern. As a source of livestock fecod, leaves 


appease to have no value because of their unpalatability. 
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(5) Cork. The cork is conveniently obtained in a waterlogged con- 


dition from the baica discharge tank. Its finely divided Torm suggests use 
as a linolews filler; however, it has not been tested for this purpose. 
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i. Factory Recommendations. At this stage of process research and 
development, it seems desirable by way of sumnarizing the work to date, to 
set forth all possible recommendations as to the features which should be 
incorporated in the design of a factory or mill for the production of ran 
rubber from guayule. It is recognized that the type of rubber to te produced, 
j.e., resinous or. deresinated rubber, would govern certain phases of factory 
design and construction. It is assuwned here that deresinated rubber only will 
be produced. This assumption is based on the demonstrated superiority of 
deresinated guayule over the resinous kind. 
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- attention is drawn that wnequivocal recomendations cannot be made in 
to demonstrate beyond reason~- 
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many instances. Additional research is needed v é 
able doubt which type of equipment or which mode of operation should be em- + 
ployed. In some cases a xethod for accomplishing a given end has been | a 
developed, but process development 15 yet to be carried out. These matters s 
Will be treated more fully in the section "Recommendations for Future Re- = 
search". i 
| . $ 
) ._(1) Process line. Factory recommendations can probably be discussed ss 
most easily by employing a flow chart which jllustrates the various steps. s 
Such a flow chart is shovm in Figure 17. The heavy solid flow lines illus- ee 
trete process methods or those methods whose use has been subject to conver- * 
t 


tional acceptance, but whose actual superiority remain to be demons rated. 


“Phe flow chart is largely self-explanatory, and all tho discussion needed 
is a stepwise recapitulation of tne process which would be recommended fer a 
se. This rollows: 


commercial enterpri 


field, lifted, baled, and 


1. Guayule shrub would be undercut in ths 
delays 


transported to the mill without any field curing and with minimum 


parboiled ina continuous, automatically 


2. The bales would be broken, 
defoliated in a rotary sceroened trcamel. 


‘controlled parboiler, and the shrub 
3. Initial comuinution of the parboiled shrub would be done 1b a 
forced-fsed humsermill of the hay grinder type. 


passed through crushing rolls 


4. Sbrub from the hammermill would be 
that operuted at difforentisl specdse i 


5. An automatically discharging bin would receive the shrub from the 


Berusher. 
J 6. Shrub from the surge bin would be automatically weighed and mixed 
With the proper amount of Water. or 
- 


fer nic water/shrud slurry would be jntroducca to the first of a nunber 


of tuba pebble mills operating in series. 
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8. Slurry from the last tube mill would be dilutod with water and 
moved to a rectangular flotation tank. ‘ 

9. Tho rubber and cork from the flotation tank would be dewatered and 
transferred to a baica surge tank. The bagasse from the bottom o¢ the tak 
‘would be dewatered and dried for use as boiler fuel or for byproduct 
utilization. : i 


10. Decorking would be carried out in a short cycle intermittent pro- 
- cess under high pressure of about 2000 p.s.i. 


ll. After decorking, the rubber would be dewatered and given a scrub 
milling treatment. a, 


12. From the scrub mill, the rubber would be floated in‘a rectangular 
tank then charged toa pp countercurrent resin extractor and dricr. 


: 13. In the extractor-dricr, resins would be reduced to 2% or less on a 
dry, deresinated weight basis, a suitable antioxidant would be applied, and 


. 


the moisture reduced to 1% or less on a dry dercsinated basis. 


14. After drying, the rubber would be packed for shipment. 


- 


(2) Water utilization. The guayule shrub thrives best under semi-arid 
-conditions. Consequently the water requirements of a mill located close to 
the source of shrub supply is of vital ilisportance. 


Considerable study has been given to the amount of these requirements 
and the possible re-use of water throughout the process. While tine and 
pilot plant facilities were not available for a complete investigation of 
this problem, enough work Was done to justify the use of the following figures 
as a basis of calculation in the design of a future mill. These figures 
(Table 19) are based on the requirements of 100 pounds dry weight of es led 
and defoliatea lush shrub with a 15% rubber content. The crude resin 
rubber produced from that enount of shrub vould make one charge for re Be ica 
which was in use during, the lito of this project. 


These figures represent only the water moved from one piece of apprratus 
~~ 
to another. The water added to the shrub to make a mill slurry with a 5 to l 


water-to-solids ratio, and that used to diluée this slurry after being tm illsd 
to a 40 to Ll ratio for punping over 


the primary flotation Cunlge Ge opunt ewe 
T 4: . oe > he Tye 32) + } ere oO ' irre SP EN EY 
the primiry flotation tank. 1% consists of water soparated from the bar 


pas Diy 
after its removal from the flotation tims and water separated from the robber 


floated over the vibrating sercen, plus any water that ment conic [rom 2 
constant level overflow. The 95 ad required ror unake-up would be added as 
sprays on tie primary flotation tank The 175 pounds used on the baie 
would be divided about as follows: (a ) maijor portion would be used to maih~ 
‘tain the level in the baica fecd tank Pan would bo applied intermittently as 








a LEAS IO en ane 
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2/ Seme provision should probably be mide Tor cooling the water used in 


maxing the mill slurry. 
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‘Parboiler and 
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Teble 19, Projected Water Requirements for Processing Guayule Shrub 
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from wader the screen separating out the rubber froia the scrub mill 


“account the water required for boiler make-up or for other minor services 
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a spray to move the rubber into the snail while it was operating; (b) a 
small portion would be used to rinse the feed hopper and make up the baica 
charge; and (c) the remainder oe be used to rinse out the baica after it 
ee reed aioe 


The 187 pounds of water recirculated for scrubd mill dilution would coms 
flotation tank discharge. 
The amount of fresh water required, as cited above, does not take into 


around the plant. The fresh water required amounts to 170 to 200 pounds, or 
1.7 to 2 pownds per pound of shrub. 


While these figures revresent the minimum requirements, they are not 
necessarily optimum. cwever, the woric done with Pend jordans using recircu- 
lated water for making up the mill slurry would indicate that they are also 
the optinun. 


D. Recommendations for Future Research 








arch and Development 


A perusal of the foregoing repo e 
© is a Long way from 

° 

; 


reveals only too clesrly that resear 
Gompletion. In the summary "Rec } 
Sueps. in the process cr the use of given c 
cated solely on the besis that they have gain 


esign", certain 

have been advo-- 

1 acceptance over 
tation. ne vo re purpose of this 

section of the report to set forth specific cormrendations as to the elements 

of research ‘shich must be resolved before the most practical in factory design 

end construction can be delineated. 
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i. ot fethods 





Virtually no basic work has been done on the whole problen of harvesting. 
It has been demonstrated that it is necessary to precess guayule within as 
short a time as is feasible after the plants are harvested. Probably the 
first problem to be solved i8 the manner in which the harvest is to be carried 
Out. ‘There are two approaches to the problem. In one the plants, after 
reaching a suitable are, may be undercut and completely removed frou the 
field. In the other the plants nay be pollarded, that is, the aerial portions 
may be cut off and removed for precessing - leavin; the root systems in oe 


ground fer re-establishment of the stand by regrowth and ultimate reharvest. 
Research on the manner of harvest will have to consider the pe iia 
ability of the plants to wi thsvand Ee at various times of the your ; 
and under varying climatic conmlitions. It will be necessary to oe VOLuLLES 

hew many times tho plants cat be pollarded erore stand renewal with new 


plantines: stock is necessary. And in the final alalysis, an economic study 


of pollardineg as compared to wadercutting will have to be made. Pecision a5 
to the inainer in which the shrub 1s harvostei will bo, in part, dependent 


upon the processing techniques to bo usod. 
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when a decision is reached as to the manner in which the harvest is to 
je carried out, it will be necessary to develop machinery appropriate to the 
horvost method enployed. a 


. 


-Handling the shrub efter it is harvested also poses problems. [t has 

peen advocated that the shrub after harvesting (either by pollarding or under- 

cutting) be cut into fairly short lengths by some device such as an ensilage 

cutter, after which it would be elevated into a conveyance to the factory for . 
ocessing. Thais method of handling presents certain drawbacks in that shrub 

so treated would be difficult to parboil and defoliate.. Baling either whole 

or pollarded shrub could be more aavantageously handled than could cut shrub. 

pegardless of the method employed, suitable machinery will have to be 

developed. 


For both harvesting the shrud and handling it in the field after harvest, 
it is believed that machine development would consi st primarily in strength- 


ening and perhaps slightly modifying di gzing, cutting, and baling equipment 
presently available for handling other farm crops. 


2, Paerboiline end Defoliation 


“Parboiling, followed by defolia 
he demonstrable reason and for seve su 

but for which tangible evidenco is lacking. ‘saf material constitutes 
approximately 25 percent of the dry weight of the plants, and obviously con- 
stitutes a non-productive load on the milling system since the Leaves ecntain 
no recoverable rubber. 


tion, has been an accepted practice for 
e ported by logic, 


«s 
42 reasons that are 


rma 
av 


There are other reasons for treating the shrub with boiling water befo 
introducing it to the mill circuit. It is known, for instance, that boiling 
shrub induces coarulation of latex within the colls. However, additional 


+ 


research is needed to establish the length of tine required to reach the 
Maximum practical amount of coagulation. Correlative to this investigation, 
a study should be made upon the effect of variations of time of parboiling 

on the character of the rubber as reflected by its molecular weight and the 
Cleanliness of the new rubber, There is scme evidence which indicates that 
milling the shrub without leaf removal increases he-amcunt of metals, 
especially copper, iron, and mangenese, jn the raw rubber. These metals in 
particular are deleterious to the keeping quility of the rubber, and investi- 
gations should be made to determine tac effect of the presence. of leaves in 


4. a . é é . 
he Mill circuit on rubber quality. 


In the event that parboilins and defoliation are essential to the 
recovery of hirh quality rubber, thon utilization of the leaves as a by- 
product inst be studied. It is known that leaves possess some alivantagcous 
Properties as an agricultural fertilizer. They are also a source ol resinous 

— and micht prove to be of value for their chemical products. sain, 
“ey might be compressed into a satisfactory structural material. 


By 5 of 


Equipment for parboiling and @efolintion has been partially developed. 
A revised rorm of continuous perboiler for handling loose plants ‘or broken 
» Vales has been desi med. Such a wit should te constructed and tested. If 
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the plants are to be pollarded - :this means. they will be received as a mass of 
{ndividual branches. It may be that parboilers designed thus far.will not 
handle this type of material satisfactorily. It is suggested that it may be 
necessary to include a bottom draper belt as a necessary part of ate per 
boiler design, eee of the type of shrub fed to it. 

A rotary trommel has dowel tabi d for defoliating the plants after per- 
boiling, except in the case -of pollarded shrub. During the Hmergency Rubber 
Project one field was harvested by pollarding. In this case, the loss of 
twigs and branches through the screened section of the trommel appro ximated 
30 percent of the original dry weignt. Some other form of defoliator would 
have to be developed if pollarding became the standard harvest practice, [t 
Will also be necessary in this, as well es in other process steps, for pro- 
cessing research to keep abreast of the develorments in the field of plant 
breeding. Scme of. the guayule x stramonium hybrids have very large leaves. 
A trommel equipped with a screen large enough to pass these leaves would, 
most likely, result in excessively high losses of branches end twigs. 
“Additional machine design and development might be necessary to cope with 
this problen. ; - 


3. Shrub com 1002 On 





hrub 


n 


No ad@itional research is needed on the original comninution of the 

of existing varieties. As previously pointed out, conventional force-Teed 

hay grinding hamnermills are available for this. [%t might be necessary to 
strengthen certain parts of commercially available. grinders to render them 
suitable for handling guayule. It is possible that hybridization wight result 
in the development of strains which would require-a different form of ori ginal 
comminution apparatus. Even in this event, it is believed commercial eguip- 
Taent could be found which would be suitable even if it were necessary to 
utilize a machine such as a "hog". : ce LP! 


Crushing presents quite a different problem. All of the work carried out 
by the Natural Rubber Uxtraction and Processing Investigations Project was 
done with cne type of crushing rolls which were equipped with rather deep 
grooves and narrow bands. It is knowm that secondary and tertiary crushing 
can be done more advantageously if the rolls having relatively shallow grooves 
and wide bands are employed. Additional research is needed to establish the 
pattern of rell surface which would bring about maximum rubber recovery and 








Wit 
tO cstablish how many sets of crushing ae would be required. York should 
also be carried out to determine whether ea hamnermill or tie form; <is- 
interrator following, crushing would be he ea or would eliminate the need 
for any or all crushing rolls. 
Seeemiil Circuit Feed 
The work required here is primirily machine ‘dds : and development. A 


- preliminary design for an autonatically aitecillent dea ie has been prepared. 
Structural design drawings should be made and a bin constructed which weald 
be large cnough to demonstrate its practicality in a mill circuit. A methcd 
of preparing a slurry by tho intimuto mixture of water and shrub has been 
developed. Tho slurry mixer is, of course, subject to improvensnt. It might 
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be advisable to put a pump ahead of the rotaneter in order to maintain a 
constant pressure to avoid fluctuation in the amount of make-up water. 


5. Milling 
5. Milling 


yy 


Fay ak Sy Fh Yt RT AR ey Pe EI 


. Probably it is in this field that the most work in process research is 
‘yequired . though little work has been done on yields from tube mills and 
jordans, it probably represents the most accurate work done in this field B/, 
fn these limited trials, the paper-making jordan apparently resulted ina 











higher percentage-wise recovery of rubber hydrocarbon than did the tube mills. 5 
The tube mills have been jncluded in the factcry recommendations of this “a 
report because they have recei ved commercial acceptance and because more work 8 
with the jordans needs to be Cone. 4 
«ft 

Additional work should be carried out using the tube mills as milling a 
tools. In the work done by the Natural Rubber Extraction and Processing ve 
solids ratio over any extended period of time. Frequently it was necessary 2 
to add water between the first and second mills to prevent the slurry from % 
plugging up at this point. Water-to-solids ratios could probably be main- t 
tained more accurately by installing a pump in the supply line ahead of the e 


jk 
MG 


rotameter so that the pressure would remain constant. Some mechanical device 
should be used between mills operated in series so that it would not be 


Kaki ay hs 


‘ 
Investigations Project, it was difficult to maintain the desired water-to- 
' 


necessary to force the slurry from one mill to the next with water. Jt is $ 
conceivable, too, that the feed rates used were too high so that maximum ES 
yields from the tube mills was never achieved. All these factors should re- 3 
ceive additional investigation. There is one point, however, which should not + 
be overlooked by the future rescarcher. aA certain amount of by-passing is = 
bound to occur in a tube mill, and this in turn will result in under-milling “m 
of a part of the plant raterial with resultant low yields. This by-passing = 
effect could be studied by dyeing a large mass of shrub and feeding it into be 
the mill circuit during a long run. Microscopic examination ef the slurry bios 
would then provide information as to the extent of by-passing.- | e 
‘ 2 

Investigations with tube mills should also encompass variation in mill | “2 
speeds, and with ball millsyof other types such as the Hardinge conical ball 3 





baited 

mill. se 

Additional work should be carried out with jordans. All work carried ae 
Mets date has been done with conventional paper-muking equipment. [% Is F 
Suggested that jordans equipped with wider bars and thicker woods, so that 
tho channols botiween bars are shallover, might result in higher rubber hydro— 
Carbcn recovery. The field for variation and improvement in the jordans is : 
large indeed, and should be exploited to the fullest, 


In addition to jordans, thore may bo other types of equipment suitable 
for separation of the rubber froin the plant material and ivs aggregation into 





Neen ee RES Se Sr pecpeenbeesiacn cq empae eincarenlDTPCEAI aA CC Cane OER 
8/ Tt should bo rememboread that all data obtained in theso tests resulted 


from the "shaker method" of shrub and bagasse analysis and, hencc, are | .e 
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more accurate than the yield data presented in the batch mill studies. 
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recoverable particles. More and more the feeling has developed that the 
successful recovery of rubber lies in a release of rubber from the plant 
cells in the shrub preparation steps, and that what has been termed milling 
jin the past is, in reality, actually a matter of agglomeration of the already 
released mubber into a form that can be recovered by flotation. 


In addition to the milling research indicated in the preceding paragraphs, 


research in this field will also have to take into consideration the develop- 
ment of new varieties and hybrids. Theso might pose problems which have not 
been encountered so far. 7 


6. Frotati oe 








Aside from redesign and construction of an improved rectangular flotation 
tank, very little work on flotation was done. Originally it.was planned to 
do considerable work with a continuous centrifugal filter (Bird Machine Co.). 
The unit bought for this purpose was purchased in accordance with two ratner 
widely divergent specifications. On the one hand the machine was to be used 
as a clarifying device in the recovery of rubber as latex; on the other, it 
was to be used as a means of recovering solid rubber from either jordan or 
tube milling. ‘The internal structure of this machine was such that every 
time it vias used for the recovery of solid rubber the effluent discharge 
passeges plugged. Research on the use of such a flotation mechanism is 
strongly advocated because it appears that such a device would be required 
for dewatering the bagasse in any event, and if it could also be used as a 
flotation mechanism, the rectangular vent with its auxiliary equipment would 
be eliminated in a factory. 


During the Frergency Rubber Project, a continuous centrifuzal of the 
seme make, but of somewhat different internal. construction, was investigated 
by the Bireatt of Agricultural and Industrial Chemistry as a mechanism Yor 
flotation. In a great many trials there are no recorded instances or this 
machine having plugged with rubber at the effluent discharge. Th rerefore, 
there is considerable reason to believe that such a filter could be ‘used for 
flotation if the counter balances and surfaces of the solids removal screv, 
especially at the effluent discharge end, were strodmlined and smooth; and 
if the effluent discharge ports Phenselyde were modified to offer less 
impedance to the passage of the rubber worms. 


7. Decorking 


The method of decorkinz, that is, decorking under a high hydraulic 
pressure, snort cycle treatment, has been proven. A machine ror this purpose, 
‘a "baica" had been designed by the RAle under the Erergency Rubber Project 
ees cary tests wore made at that time. Jt had a design capacity cr 2 
gallons and was supposed to handle approximately ] pound dry raw rubbor por 
gallon of water. It has since been used under conditions that simulated 
eo enorati ons. Mis use revealod certain shortcomings which show.d de 
correctod in a prototype design. These are enumerated and corrections 
Suggested as rollows: 


a. Baica Charging Wace A certain amount of plant muterial is carried 
ovor from tho “primary tlotation tank due to the high velocity miintained 
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across the top of that tank to eu sinking rubber. No provision was made 
for removal of this material. % could probably be accomplished by the use 
‘of a screw conveyor as shown for the primary flotation tank. 


b. Metering and Dumping Bucket. The baica as presently designed is equipped 
a 
with a metering bucket which serves to measure the amount of material required 
for a single baica charge. The material is metered by having an overflow 
which allows the excess rubber, cork, and water to drain to the slurry sump 
from which it is moved to the primary flotation tank for ultimate recovery. 
At the proper point in the baica cycle sequence, the metering bucket tips to 
discharge its contents into the baica charging hopper. No provision was 
feasible for rinsing out the metering bucket, with the result that a certain 
amount of rubber adhered to the inside walls. Eventually this clinging 
material would choke up the discharge spout of the bucket and interfere with 
its efficient functioning. Also the adhering rubber would become ‘dcgraded 
and slough off into the baica, with the result that the end product would be 
contaminated with degraded material. 


ay 
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Two possible methods for correcting this condition are suggested. First, 
it seems possible that the baica charging hopper itself could be made to 
serve the dual purpose of metering bucket and charging hopper. Under the 
present operating system, the baica is discharged by first opening the bottcon 
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t 
“9val ve and, after a few pee nite delay, opening the top valve. It might be f 
possible to enpty the baica completely without opening the top valve during i = 
the discharge. This would permit climination of the metering bucket as a x 
separate entity. It is recomized that this manner of operation would extend Fo oa 
the time of the baica operating cycle. Second, if the baica could not be f 3 
operated successfully by opening the bottom valve only, then the metering oe 
bucket should be mounted in a stationary fashion directly over the charging & 
hopper.. This would eliminate the need for tipping the bucket and consequently 2 
the need for a discharze spout. Jt would also permit the. use of powerful Lae 
rinse sprays which could be so devised as to eliminate the accumulation of | 2 
rubber. ¢ 
‘C. Baica Charging. As noted above, the mevering bucket delivers eae a 
normal charge to the baica. ,This charge does not fill the baica chanber com- “< 
pletely. This is accomplished by the use of wash sprays located in the <4 
charging hopper which not only are supposed to finish filling the baica i 
Chamber, but which also wash down rubber adhering to the hopper walls and a 
wash oft the top valve and valve seat so that valve closes. This action is cs 
Supposed to insure proper seating of the top valve. The operation of these i o 
sprays is initiated by an auto:ratic electric timer and terminated by a Limit 4 
Suitech actuated by the top valve stem on the closing stroke. Adjustment of ; s 
the timer to obtain just cnough water has been difficult. Jf the met bering 2s 
bucket is short in its contents, then not enough water is added so that the me 
system docs not build up to pressure as is required. This situation can be a 
Corrected in another way as will be discussed bclhow. On tha other hand, 3 
Drequentiy the sprays deliver too much wator so that when the top valve clo i 
there is water plus somo cork and rubber inthe charging, hopper above the £ 
Valve. The floating rubber and cork are discharged in the baica dis charge 3 se 
phase without receivin;: any pressure treatment. It is sugecsted that the ae 
baica barrel could be fitted with some sort of ‘float switch, or other limiting , 
device, which would close a second valve controlling the sprays (or would & 
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close the top valve) when the Liquid level in the baica had reached the 
preciscly correct point. 


PARE eae Se 
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ad. Hydraulic System. As presently designed and constructed, the hy- 
draulic system is not adequate. Its capacity and length of stroke should 5e 
increased so that if the baica chamber is not quite full (as discussed above) 
pressure will be built up to the required 2000 p.s.i.g. by the reserve 
cylinder capacity. If the line pressure which -actuates the hydraulic system 
is subject to any material variation, iv will be necessary to install a pump 
jin the line ahead of the low pressure cylinder to maintain a constant head 
of pressuro. Jn work during the past five years it was found necessary to 
maintain this pressure at approximately 70 p.s.i.g. in order to insure 
satisfactory operation. 


2 
ve 





e. Controls. As the baica is now constructed, many ofthe sequential 


operations are governed by an automatic electric timer control. <A redesign 
of the baica would do well to take into consideration the possibility of 





using limit switches which would be actuated mechanically by the movement of % 
valve stoms, float valves, lugs on roller chains, and similar devices. This $ 
would insure that no operation would succeed any other operation until the se 
machine was ready for it. As an example of this and if a metering pucket os 


were required, a limit switch could be instalied so that opening the top 
valve would close the limit switch ~ which in turn would cause the metering 
bucket to discharge. Thus it would be impossible for a charge to be placed 
in the baica unless the top valve wero open to receive.it. 


Refloating the rubber after the decorking treatment poses no particular 
problems exccopt that provision for removal of cork from the bottom of the 
b 


tank would have to be made. 


mee ocrub Milling. 





Pebble mills, either tube or batch, have boen used in conventional mill- 
ing practice and in research. It scems probable that pebble mills will 
remain to be the best tool for this purpose. However, other types of equip- 
ment should be investigated to see if the; could be used "as is" or after 
modification. 





Perhaps one of the more fertile fields for investigation is the chemical 
treatnent of the rubber before or during serud milling. Treating the rubber 
with armnoniim hydroxide holds some promise in reducing the emount of residual “ 
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Lydroxide is not favored because it has not been possible to inhibit thotr ae 
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deleterious effects on aging characteristics. These effects are believed to “ 
be due to the residual motallic ions. Some of the modern detergents migkt é 
- & 


be effective in reducing insolublos. 


9. Deresination and Drying 


Additional research on deresination will depend in part on the decision 
as to Whether shrub is to bo dcresinated prior to milling, or whother wot 
rubbor worms are to be dercsinuted aftor milling. Tho present view inclines 
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» the deresination of the wet rubber worms. Accordingly, only a few salient 
fotures of snrub deresination will be discussed. . : 
A method of shrub deresination has already been successfully develoved. 
presumably, shrub could be deresinated in a belt type of extractor similar to 
that recommended for wet worm deresination. Provision would have to be made 
for backwashing the residual water out of the shrub after deresination was 
complete. It would not be necessary to dry the shrub before it was milled. 


Drying the rubber milled from deresinated shruo would probably be done 
by the use of acetone to avoid the deleterious effects of high temperatures in 
drying. Equipment for this would have to be developed. 


. Turning now to the deresination of wet rubber worms, it may be said that 
the method for accomplishing this has developed to the point when continuous 
Beitercurrent equipment must be employed. Hoewever, many factors governing 
“the design of such a machine still rewain to be investigated. Some of these 
could be solved on the static bed extractor already developed, but by far the 
“sinpler now would be to construct a small model of a moving belt extractor 

as previously described. Original design drawings for a combined single belt 
‘extractor and drier have been made. In light of the most recent findings, 
however, this design should be altered to a two-belt unit in which the first 

1t would constitute the extractor section and the second, the Grier section. 

On such a model, some form of feed device would require development. An 

inverted siphon might be used if some way could be found to keep the water and 
rubber in intimate mixture until deposited on the extractor belt. Failing 
this, some form of air lock would have to be €cveloped which would deposit 
rubber on the belt without an attendant escape ofr acetone-laden vapors. Scme 
‘weehanism would have to be developed for spreading an even bed of rubber over 
the belt. Also needed is a type of non-clogzing sprey which would distribute 
the miscella uniformly over the entire bed of worms at e rate sufficient to 
flood the surface without disturbing the bec. 


j The ratio of openings to total area of the belt to preserve the correct 
balance between flooding and free penetration to all-the worms needs to be 
studied. There is also need of a method of preventing the by-passing of 


The conditions for optimum dceresination in the epparatus alrcady studied 
) probably would not apply in full to a moving belt and would need further con- 
sideration. This applics particularly to tho time the rubber is flocded, l.e., 
the spacing and mubor of the sprays, the amount of time, that is, the distance 
tho belt moves, that would allow adequate drainage, 85 woll as the ratio of 
erea flooded to that required for proper drainage - 
In the application of antioxidant, the chicf problem would be the main- 
Gparce of proper concentrations of the antioxidant solution. As this would 
ry with the type of chemical used, no general rule could be applicd. 
widely varying cor.ditions to determine 


Runs would have to be made under 
worms produced at various 


the effect of deresinction on the rubber mat of 










Miscella over the edges of the mat of rubber as it shrinks during Geresination. | 
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seasons of the year; from diffcrent strains of shrub; from different ages of 
shrub, etc. The effect of temperature, time of deresination, miscella con- 
centration, etc., on each of the above factors would also have to be studied, 
before enough data would be available for a final design. 
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These studies would have particular interest in the problem of recovery 
of solvent from the deresinated rubber. For instance, if the bod becomes 
dense under the usual conditions of operation and does not allow free cirecu- 
lation of air to all parts, then it'woule have to be broxen up and transferred 
to a second belt as has already beer mentioned. If, on the other hand, it 
remains porcus and allows free circulation, no transfer would be neede@. [{f 
the bed could, in all cases, be easily broken up into discrete worms it might 
be possible - and perhaps more economical - to recover the solvent from the 
worms in a tower much as is done in spray drying. : 





10. Packaging 


‘In the past it has been customary, in commercial scale operations, to pe 
package raw guayule rubber by placing tivo 1U0-pound beles in a wooden box. se 
During the Emergency Rubber Project, some investigation was made as to the ies 
feasibility of packaging guayule in paper bees - either lined or unlined. ‘The e 
indications obtained in theses investigations, and in the present limited = 
Studies, were that packaging in this manner would be feasible. In view of the : 
gncreasing shortage. of wood and the hissh cost of box shook, this line of in- rm 
Wwestigation might profitably bo purswred further. : e 

: Y 
ll. Latex Rescarch es 

Rubber in latex form serves a number of important uses such as for the z 
Manufacture of foam rubber, gloves, balloons, and other dipped goods for which = 
solid rubber cannot be used 2s the ravr materiel. In these and related appli- 2 
Cations guayule latex could undoubtedly be utilized - at least as a partial e 
replacement for Hevea latex. a 

: = 

However, on the basis cf the results obtained in tke investigations con- * 
ducted thus far, it dees’not appear that the development of a practicable ana ‘ 
economical process of extraction is in favorable prospect. ‘The line of invesvi- 7 
_fation leading to ccmplete process develcopuont cf deresinated solid rubber, A 
of quality equivalont to Hevea rubber in heavy-duty truck tires, which has 2% 
shown marked progress since the abandonment of the latex investigations, appears a 
to be far mero worthy of continued effort. “i 

5 

Nevertheless, if requirements for natural rubber latex became critical z 

under an emergency whick would justify the continuance of etforts to produce “S 
euayule rubber latex, a number.of difficu t probleus would need to be solved. 
Broadly, those problems which require further and extensive investigation in- 

Clude: (1) Development of practical means of complete disintegration of the s 


latex-bearing cells ror release of all of the rubbor without coagulation of 
latex; (2) Development of means for recovery of the rudber which has been 
unavoidably coagulated within the shrub prior to processing for latex; (3) 


Development of cconomical and continuous procedures for separation of both 
coarse and colloidally suspended plant matorial from tho initial latex 
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sspersiOn 5 (4) Centrifugal concentration or "creaming" of separated latex 

FE approximately 1 - 2 percent dispersions to ccmmercial products of about 
) percent ; and finally, (5) Development of a complete latex extraction pro- 
as through the pilot plant stage and translation to factory scale. 
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process research and development on byproducts from guayule would consist 
winerily of machine design and development following basic laboratory work. 


rmroduct researcn would center on leaves, bagasse, resin, and possibly water 
olubles. 
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Beonomics 


As an integral part of any process research pregran, cost studies must be 
sricd Cut to determine the maximum economic feasibility. In large part these 
duties could and should bo carried out concurrently with other phases of 

nrocess research and development. 


Of the items to be studied, and ones which can most easily be studied.in 
connection with other phases of research, are those of. power requirements. 

Pach step should have power requirements established on a pilot plant scale in 
sha manner that they could be extrapolated to ull scale factory operations. 
ower requirezent studies will also have to bs made on alternative machines be- 
fore an intelligent selection can de made. An exemple of this may be found in 
lling equipment power. At the present stage of research, it appears that 

hive mills and jordans are about equal in their efficiency as rubber separation 
eid agglomeration equipment, with the jordans possessing 2 slight edge. A 

Poier study might reveal that pover demands Tor one machine would completely 


eliminate it from further consideration. 


f 
Aa 
u 


such, a survey of fuel. costs 


as 
graphical area where it is expected a factory will be lecated. The costs and 
availability of different kinds of fuel such as coal, oil, and gas must be 
determined and these factors applied to a factory of given design and capacity. 
In this connection, it is well to note that suaytle bagasse is an excellent 
‘Tuel when properly handled. Reliance upon bagasse 2s a of fuel will be 
tore or less dependent upon a more remunerative use of bagasse a5 a byproduct. 


In conjunction with power requirements as 
will be necessary. Analysis of these costs will be devencent upon the geo- 
te 
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} In all ths commercial guaywie mills erated to date, labor costs have 
€ labor is used in two phases of 


is 

been inordinately high. iiost of the exccs 

Processing: in the shrub preparation depar ment, and in packaging the rubber 
for shipaent. In both instances it appears 

haterially reducod through more complete mochenization of the various oper-— 
ational Steps. Trouchout the entiro factory tne utilization of automatic 
BP controlling and recording equiymont should reduce labor requirements, and 
Q:ut in an end product of cnhanced quality and unifornity. 
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III. LABORATORY IiVeSTIGATIONUS we a 
A. Analytical Research and Development 4 
The analytical section was organized for two purposes (1) to do oe 
routine chemical testing for the other research groups of the project soe 
and (2) to develop new methois and improve old methods so that they would be ey 


“~ 


more useful, accurate, and precise. ixisting methods were renvlaced with Pe 


new and improved methods as they became available. During the 64 months ba oe 
the laboratory was overated, nearly 14,000 samples were analyzed for an EE 
average of three constituents in duplicate or triplicate. This was s 
carried out with an average of two full-time analysts and part -time services im 
of one scientific aide. : 2 


fs 
oe 


id. Methods Used by Hmergency Ruodber Project 





Host of the methods in use during the Emergency Rubber Project were 
Standard or had been developed at the Eastern Regional Research Laboratory 
gusy prior to the opening of the Salinas Laboratory. A few new methods were 
developed as the need crose. A modified triple solvent procedure was used 
to determine rubber hydrocarbon and resin in shrub, effluent, and bagasse. 
Rubber inydrocarbon in the crude ruboer was ictermined by a modified bromination 
Mrocedure. Trace metels were determined by spectrophotometric procedures. 
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The methods in use during the Emergency Rubber Project were the best 
available and little useful research could have been atcommlished without 
then. However, they were time-conswaing and did not have the desired 
accuracy. This was particularly true of the rubber hydrocarbon analyses. 
_ plant yields based on Leboratory anal:ses of the original shruv, for 
example, sometimes exceeded 100% and total rubber accountability was frequcntly 
es high as 110%. 


@. Current Methods and Their Application . 











{The importance of accurate and precise -analytical methods in Beecens 





- esearch and development cannot be over emphasized. Bee cause of this fact ‘ 
much time and effort has, been expended in improving existing taveint ls and ays 
Geveloning new methods. Considerable success and some cy: nave attended % 
these offort3. “though much renains to be done, it is fair to state that “t 
the current methet: of analysis pertaining, to guayule are more ea Beka” ana 4 
faster then the =: nods in vogue at the beginning of this project. Ruvber = 
yields in excess 7 100% are no longer obtained end rubber Re Se eee is x 
rarely over 1004, = 

For the benefit of future researchers, the cwr'rent methods of analysis ” 

and developments leading up to these wethods are given here in considerable ¢ 

) detail. ie 
a. Rubber Hydrocarbou by Bromination. In the method described’ by 4 
Willits, Gvain and Oge, adlition of bromine is accompanied by some substitu- s 
tion. The substitution portion of the bromination reaction is difficult to y 
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ontrol and has contributed to low results and occasional poor precision. 

rk was carried out to investigate the effect of several factors on the 
wonination reaction and to find a means of inhibiting the substitution 
eaction. It was found that the effect of rubber hydrocarbon concentration 
on bromination is critical. [Iodine accelerates bromination but is not 

present in the final product. Temperature and light are important variables. 
the bromination reaction is insensitive t» bromine concentration, so long as 
aconsiderable excess is present. Trichloroacetic acid in the amounts used 
to assist in the solution of raw rubber has no effect on the results. 

fddition of chloroform to the benzene solution of rubber inhibits the suosti- 
qution reaction with no apparent effect on the addition reaction. Factors 

for converting rubber brcmide (CSHpBre)n to rubber hydrocarbon of 0.299 for 
fevea and 0.000-0.501 for guayule were cbtained. These agree well with the 
fheoretical factor of 0.2°88 for <= completely additive product: and are sone- 
what higher than the 0.2$2 reported by tillits et al. This work was published. 






(1) Brominetion procedure. Bring the rubber-benzene solution to the 
Mpeim a 250 ml. volumetric flask at 25°C. Pipet a 25 ml. aliquot at this 
temperature (containing 30 to SO mg. of rubber hydrocarbon) into a 250 ml. 
beaker. Add 9 ml. of chloroform from a buret end 2.5 mi. of the brominating 
‘solution to the rubber solution. (The brominating solution is prepared by 
Wissolving 2 grams of C.P. iodine in 10° ml. carvon tetrachloride, filtering 

Sane D> ml. of C.P. voremine to the filtrate). Hlace the beaker in a 

Her bath‘et 25°C. and allow bromination to proceed for 100 f 5 minutes. to 
direct sumliggit should come in contact with the solution in the water bath. 
At the end of the 100 minutes remove the beaker fron the water bath and add 
approxinately 20C ml. of 95:4 eth 1 alcohol to the contents of the beaker. 
Mos tuo hours for the rubber dranide to settic. 


he rubber bromide into a 


(2) Determination of rubber hydrocarbon. Filter t 
tared asbestos Gooch crucible and wash the precipitate thoroughly with 95% 
ethyl alcohol. Dry the crucible-to constant weight in a vacuun oven at BOC. 
(requires about Ll hour). Cool in a desiccator and weigh. The weight of the 
rubber bromide when multiplied 7: the conversion factor (0.301 for guayule) 
pat be the rubber hydrocarbon weight. r 


3 


_ db. Rudber Hydrocarbon and esin in Guayule Plant Material. The most 
important analysis as far as factory and pitot plant control is concerned is 
the analysis of shrub for rubber hydrocarbon. An error of 0.6% in rubber hydro- 
Carbou on the basis of 100 verts of dry shrub can cause an error of o> in 
Pubder iydrocarbon accountability (assuming the shrub contains 154 rubber 
hydrocerbon) . Tlie modified Suence-Caldivell triple solvent wethod, which was 
Inuse at the start of the orogram, was based on the principle of extracting 
acid-stean hydrolyzed tissue with boiling water, acetone, and benzene respec= 
tively. The benzene extract was eveporated and weighed as pure rubber 
hydrocarbon. This method always gave low results. The reasons are as 

Vv 


my 


p follows: (1) the extraction was never complete as could be showm by staining 
+ ¥ ee. = : saan ties Ei 
extracted tissue with an accepted rubber differentiating stain, then 


“Mining the tissue microscopically. Hamuernilling does not rupture all or m 
the plant cells and some rubber is trapped inside. (2) Rubber of very low. oa 


moleculer Weight is dissolved during, the acutone extraction anditas"lost<*: 
(5), Ihitermilled tissue is subject to chaniclinug and packing. . 
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There sre other disadvantages to the triple solvent mothod which do not 
necesserily lead to low results. The rubber film: is occasionally contaminated 
@s evidenced ov darkened color. The rutber film is not stable and may Clee 
up weight through oxidation even when dried in a vacuun oven. The method is 
time-consuming requiring 3 days for an analysis. : 
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Many experiments were performed in an effort to iaprove the existing 
triple solvmt method. It was shown that ©°5% ecthenol was a better resin 
solvent than acetone Yecauss it extracted more resin snd less low noleculer 
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Woight rubber. Other solvents such as methyl cth-l. ketone rnd ethanol toluzne % 
‘azeotroj2 were tricc but it was fou that they were no better than acctone. 2 
: Severel experiments on shrubd drying before cnelysis indicated that over- s 
dryingg causes a loss in reportesie rubber hydrocarbon. The loss is aparently in 
due to foruetion of acetone and alcohol soluble rubber (Sce Table l). vo 
It was found that acid-steam nydrolysis as recommended by Spence and eee 
because of channeling and packine. ay 
Sheeting tissue through smooth rolls is a better means of comminution “4 
Beeeene:yvoical tior}: than is hammernilling. lLiore cells are ruptured resulting = 
iu the release of morc rubber. fl*ore uniform samples can be taken from sheete: 5 
tissue then fron hamaermillcd tissue. me 
3 

The wechanical shaiing of tissne with pebbles and 1% trichloroacetic acid 2 

in benzene is a rapid and convenient procedure for putting the rubber into 2 
Solution. The ne fe goes into solution in as short a time as 2 minutes es e, 
Commarea to 16 hours by triple solvent procedure. Rubber hydrocarbon is then ‘€ 
detoriined by peeetistion, Resin is not determined in this procedure. ‘jhen a 
T6sin determination is necessary, it should be carried out by ethanol extrac-- % 
tion on a separate sample. a 


(1) Modified triple solvent method. Eecause most of the shrub anzlycis 
‘data were obtained by the modifica trinle solvent method, it is given here in 
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(a) Preparation of saunle. Irimerse plants in bdoili Wes 
lage chowner 
t 


Minutes and shake off leaves. Yass through an A 
wuor.s Drs’ 


2 
and throuzsh 1/2-inch scrcen on roti 

at 65°C in = forced air circulation oven uitil the 
reduced to 2 - & vercent (4 hours). Grind in a laborator: aie aae” 


mil) throurh first « S mm. sexeen and second through a o m 
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sereen and revinye & 10-gram aliquot for detuemination of mois- 
ture be drying for 1 nour ot 1LG°C. 
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(ov) <xtraction. Transfer a 2-gren sayple to a glass extraction thimble 
in which the >ocrrorations havo been covered with a plug of pyrex 

: Gless wool. Insert a second glass wool plus above the sample, 
attach the thiubl¢é to a block tin condenser, cnd connoct toa 
tarcad 400 ml. ASTS (Desigiation D-297-4G7) rubber extraction 


Ee 
Caldwell was not necessary. In fect, tiis pretreatment gave erratic results | 
| 
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flask containing approximately 10C ml. of water, and extract for 4 hours. 
fenove water from thimbles by suction. Extract for 16 hours with 100 ml. 
of 95% ethyl alcohol. If resin is to be determined, evaporate cthyl alcoho. 
on a steam bath and dry extract in vacuum oven (26-306 inches vacuum) for 1 
pour at 100°C. Extract in a second tared flask for 16 hours with 100 ml. 
penzene. Evaporate benzene on a steam bath and dry rubber film in vacuum oven 
ford hour at 100°C. After the solvents are driven off the flasks aro weighed 
for determination of alcohol and benzeno soluble matcrials. 

(2) Shaker method. This is thc procedure now recommended for determining 
uber hydrocarbon in shrub and one that was developed about a yoar before the 
project was terminated. ; j 


(a) Preparation of sample. Immerse plants in boiling water for 15 
minutos and shake off leaves. Pass through an cnsilageo chopper 
and through 1/2-inch sereen on rotary knifsc cutter. Dry at 
65°C. in a forced air circulation oven until the moisture is 
reduced to 2 - 6 porcont (4 hours). Crush between closely set 
corrugatcd rolls ten timcs. Shoot. botwocn closcly sot smooth 
rolls for 10 passos, rolling the shect.after cach pass, and 
inserting the rollcd shoct cndwise. Remove a 10-gram aliquct 
for moisture dotermination. (If dry, fincly-divided tissue is 
available, all steps may be omitted until the shooting step). 
fissuc which is low in rubber may powdor instorcd of shoct, but 

4 may be sampicd with oqual accuracy. 





(b) Extraction. Weigh analytically an aliquot calculated to give a 
rubbor solution of 1.2 - 2.0 mg./ml. (1.5 g. for tissuc contain- 
ing 12-20 percent rubber hydrocarbon) and place in a heavy 
welled 250 ml. contrifuge bottle. Add approximatcly 100 grems 
of 5-10 mesh pebblcs and exactly 150 m. cf 1% solution of 
trichloroacetic acid in bonzeno. Stopper and placc on a 
mechanical shaker lonethwisce with respect to the shaking move- 
mont. Shake for 10 minutes and contrifuge 15 minutes at 2000 
RPM. 


(c) Bromination. Pipot a 25 ml. cliquot of tho clcar supernatant 
solution (contaihing 30 to 50 mg. of rubber hydrocarbon) into 
a 250 mL. boakor. Brominate as previously describcd. Multiply 
the woight of rubber hydrocarbon found by tho dilution factor 
of 6 cnd divids by the moisture-freo semple woight to obtain per- 
3 cont rubber hydrocarbon. 
Cc. Composition of Acctonz—-Jator Extracts. The work on dcresinating 
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re oe capes ineaiiedabenPemee wmatan ar . = wow, , 
Shrub end worms tov.cotrin | high-grade rupbor noeessitatcd devclopment of c 


ae 


method for analyzing miscellzs. Shrub miscclle contains acotone, water, 
ectone solublus and water solubles. . iJorm miscolla docs, not contain water 
Solubles. Tho first mothod which was developed dcponded upon distillation 
by it wes found that ncotono was lost even when the reecivor wos coolcd 
Tho second and protcrred method is given below. » 


(1) Total solids nnd samplo.woight. Pipot 25 ml. of tho well-mixed 
Smpls at 25°C into 2 tered covered weiyhing dish. Weigh to obtain the sample 
Woieht. Eveporcte to -pparent dryness on ce. water onth and then dry to con- 
“ioe et in We ois oh oven 2t 65°C. This woight reprasonts tho cmount 
of tote! solids. : 
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(2) Water solubles. Pipet a 25 ml. aliquot of the well-mixed sample 
onto a 3-gram piece of absorbent cotton supported by a piece of heavy filter 
paper on a watch glass. Evaporate to dryness on a steam bath and transfer 
$0 a large siphon cup, placing the piece of filter paper in first.’ Remove any 
solids adhering to the watch glass with a small piece of cotton and add to whe 
siphon cup. Extract for 4 hours with 100 ml. of distilled water, using a 


‘¢ared 400 ml. extraction flask. Dry to constant weight in a convection oven 


at 60°C. (approximately 16 hours). The weight of the residue minus a blank 
run on the cotton and filter paper represents the water soluble material. 


(3) Acetone solubles. Acetone solubles are equal to total solids in the 


‘case of Worm resin. For shrub resin the acctcns solubles equal the total solid 


minus the water solubles. 


(4) Acetone. The specific gravity of the sample at 25°C. is read with a 
hydrometer. The specific gravity is corrected by the following equation: 
Gerr. Specific Gravity = Sp. ge. reading - (% Total Solids)(.0019) (.0019 is 
an experimental factor to correct for the effect of resin on the specific 
pravity of misceila). ieight percent acctone is read froma graph of specific 
gravity versus weight percent ecctone or fron Table 3. Weight percent 
acetone is corrected by the follcwing cquation: ° 


Corr. Weight % Acetone = (100 - % Total Solids) (Wt. % Acotone reading) 


(5) Water. Woight percent water in miscella is foumi by the following 
equation: 
Wt.% Mator = (100 - % Total Solids) - lit. % Acctone 


d. Rubber Hydrocarbon and Insolubles in Crude Ruober. Several experi- 
M@ewora carricd cut in an cfiort bo improvo the accuracy and precision of 
the rubber hydrocarbon analysis for resinous and deresinated gusyule ruobor. 
One such experiment consisted of dissolving +ho rubber in benzeono containing 
trichloroacctic acic, centrifuging the insoludles, evaporating the benzcenc- 
rubber solution to a film, and oxtrecting the resin from the film with alcoho 
This method gave crroncous results because oF the formation of alcohol solubdl 





cs 
°C 


rubber. 6ther experiments failcd for similer reasons. 


After the accuracy and precision of the bromination procedure had 
been improved, further efforts to improve ths rubber hydrocarbon detomainn- 


tion in raw rubber wore considered unnecessary ror Cie su com eile. 


(1) Alechol - Bonzcne Insolubles. Pass the rew rubbor sample 6 or 3 
role 1 


times throush close-sct, cold milling yolls to blind the materiel and bresk 
down gol rubber, and shect out thinly. Detormine moisture on én aliquot 


(See section on moisture in rav rubber). Votchonnalyticnl bya, 0.9°¢. aliquot 
into a tarcd 7) ml. cuntrifuge tuvc. Add SC inl. of 1% trichloroscotic acid 


7 


in benzene. Lot tho mixture stand for 498 hours in subducd light with occa- 
Sion.) stirring (or stoppor end mechanically shrke for 4 hours). Warm the 
Mixture by placing the tude in o borkur of not wator. Centrifuge for 20 
Minutcs at 2000 REM and decant tho supernatant bonzonc-rubbcr solution into 

®&® 250 ml. volumetric flask. Wesh tho rcsiduc in the tubo twice with 40-50 ml. 
of bonzenc, thoroughly breaking up the residue with c stirring rod, end 
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Tablo 3, Specific Gravitios of Wator-Acctono rhe ee 
mado up to 100 ml. Volume (25°C.) 
Volume Volume Woight i Ei eht Tota l 
Acetone Water Acetone Water Woight Weight Specific 
LAOO mL. m-/00 rl. s/00 ml. g/l00 ml. g./l00 ml. % Gravity _ 
0 100 | 0 99.70 99.70 Oo |. .9970 
5 95.3 3.925 95.00 98.93 4.0 .9915 
10 } 90.8 & 4) 7.85 90.50 98.35 8.0 9860 
20 81.6 15.70 81.30 97.00 16.2 .9745 
25 | 77.0 - 19.63 ) 76.80 96.45 20.8 69675 
40 63.0 31.40 62.80 Of, cOpe ale 94:60 
3 50 55.3 ] — $9.25 53.15 92.40 42.5 9295 
$5 48.5 43.20 48.35 aooee cate 9200 
60 RO.5 47.10 43,35 90.45 °° 52.0. .9100 
75 | 23.2 58.85 28.10 86.05. 67.0 «8730 
90°" ol 70.60 12.05 82.65 85 4 »2280 
95 6.2 | 74.60 6.18 80.78 92.4 .8070 
100 Po 78.50 0 78.50 100.0 .7350 
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contrifuzging onch timc; add tho wash benzcne to the contents of tho voltmotric 
flask. The benzenc-rubbcr solution in the volunctric flesk is then used 

for the dctcrmination cfrubber hydrocrerbon. Wash the residue in the tube with 
two portions of clcohol and dry the tube and contents at 100°C for] hour. 

Gool in 2 desicector ard weigh. Tho woight of the residuc represents the aleco- 
hol-benzene insolubles mattcr in tho sample. 


(2) Bromination. nko the benzene-rubber solution to volumc, end pipot 
a 205ml. aliquot into a 250 ml. beaker. Procced.with bromination as dcescribod 
in the scction on Rubbsr Hydrocarbon by RBromination. 


(3) Calculations. 


% Insolubles = (Wt. of Residuc) (100) + Wt. Samplo, MIB 


_% RHC = (Wt. pot.) (-301) (10) (100) + We. Samplo, MFB 
Oo. Dirt in Raw Ruober. Dirt and forcign material are genorally con- 
sidered to be very dcleterious +o the production of high grade rubber goods. 
Products particularly susceptible to dirt are thin-walled articles, rubber- 
memeeeoods,, inner tubes ard othsr pneumntic cquipment, insulative, surgicel 
articles, tires, shoes, and ebonits. Physical and mechanical properties which 
Beeeseic to be adverscly affected by dirt-sre: ges tightness, clectrical 
Propervics, tensile strensth, fetiguc resistance, tear and cbrasion resistance, 
Wetor absorption, clongation and flox life. Furthermorc, dirt acts as a 

Contor for localizcd degradation. 


However, there is considerable confusion in the industry as to what 

, J 

Constitutes dirt. Dirt is generally defined as particles of foreign matter 

Other than rubber hydrocarbon and dissolved substances which can be separated 
J 


from the rubber by nhysical means. For this purpose it is customary to use a 
Sz0 mesh screen inasmuch as the mein compounding ingredients have a particle 
Size of about 300 mesh (Heinisch). Subcommittee X7I of ASTI Committee D-11 


has run cross tests on two methods of determining dirt: (1) hot oil meth 
and (2) hot xylene method. Both methods have been tried in this laboratory 
and have been found to have certain limitations. The hot xylene method 
appears to be the better. The hot oil method has the advantage of using a 
larger sample (1 pound) bat during the melting process, much of tho organic 
dirt is charred. The hot xylene metnod works satisfactorily if woll masti- 
Cated rubber is used, but unmasticated rubber is very difficult to dissolve 

in hot xylene without agitation. Mastication changes the dirt results os will 
be shown later. Both methods take excessive time. 


Dirt is a real problem: in guayvle rubber. During the pebble milling 
process plant materiel and rock flour are incorporated into the rubber. 
Subscauent prossure treatment, serub milling, and dcrcesination do not con- 
Pletely free the rubber from plant remains and the insolublos contant 
(total dirt)presently runs about 54%. A small proportion of the total dirt 
ia guayule rubber is "harmful dirt" (over 325 mush). 


A sinple and convenient method for mogsuring “harmful dirt" was devclopcd 
Which has several advantegus over both the hot «xylone and hot oil mothods. 


Tho now method is Jess time consuming, more rcliebdle, end requircs lcss 
attention on the part of the operator than the older muthods. 
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(1) procedurc. Weigh analytically 5 g. of homogeneous sample, which . 








nas boon cut into strips approximatcly 4" x i" cross section, into a 250ml. 


contrifuge bottle. (Note.: Guayuls ruobor is usually sufficiently homogencous 

j solublo to require no mastication.) Add £00 ml. ef bonzcno containing 

\4 trichloroacctic acid, stopper, and shake on e shaking machine until dissolv2d 
sly 3 hours). Centrifuge 5 minutes at 2000 RA, Filter through a tared 
ns-nosh stainless stecl screen (Figure 1) and wash rosidue with 250 il. 


ponzeno. Dry 15 minutes at 100°C and weigh scrcecn plus dirt. 


a 





@ Dirt = Wt. Dirt x 100 
: Sample Vite 


_ fhe dirt is hygroscopic and suitable precautions sheuld be takcn in 
woighing. If the rubbor is very wot, the dirt should be calculated on a 
misturo-free basis. Small quantitics of moisture may bo disregarded. 

‘tests in this laboratory havo indicated trichlorosectic acid to bs a better 
solubilizing agent for rubber than Rra No. 3 or Agont K used in othor methoc 
Tho serecns may bce elcanod by immersion in hot conccntratsd nitric acid for 
ninutes without appreciable loss in weight. ; 


Se 
= 
a 





(2) Mastication. Mastication has a pronouncsd offect on dirt content, 
miticulerly organic dirt, and should be kopt to the minimum 

G: solution in a rceasonablo time. Table 4 illustrates tho relationship be- 
tween mastication and dirt contcnt. Most of tho dirt analy: 


iS) 
QO 
OQ 
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p 
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ct 
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Table 4. Effcct of Mastication of Crude Rubbor on Its pirt Content 
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Bach value is tho moan of three detomainatvions. Thu stenderd deviation for 
Seaeve results wes 0.02. RSS = Heves ribbed smoked shozt. Dorcesinated 
sJayule No. 1 was produc.d November 14, 1952 by static bod oxtraction. 
Keresinated gusyule No. 2 was produced in July 1951 by agitated oxtractione 
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on guayule samples were czrricd out aftor 5 passes st a mill sotting of . 
0,020". This was done so that the results would bs comperablso to those fron i 
fovea sucked shcut in which ceso 2t least 5 passes at a sctting of 0.026" : 
ig necessary in crder to dissolve the rubber ina eee longsth OTAtinic: 
However, thc results at O passes would orobabiy bo morc meaningful becsusc 1% 

- : 


jis Gifficult om corrclate laboratory: mastication Stet factory mastication. 
‘Masticavion differs for cach preduct fabricated. Much crf the guayule Bert Olt 
bo renicercd hermleoss on factory mastication but at this time it 1s impossibls 

to prodict what proportion of hernful dirt iignt romain in tho finished 

product. Gueyile dirt is chic fly ergunic in neture, having an ash content of 
epproxinatcly 10%. . 





oO 


fT. -Moisturs Dotorminction in Crucs Rubbsr. 


ne ee EEEEEeaae 





(1) Oven drying. Ovon methods for moasuring moisture in rubber have scev- 
oral disadvantages; 


(2) Yolatilo metter other than meisturc is included in the measure- 
mont Ve 


oO 


(bo) Moisture is likely to be trapped in th rubber, ywaless the 
sarple is in the fo m of a thin shect. 


. 


(c) Sheeting the sanple to «a form which cen be oven-dried cha 
, tho moisture. ; ; 


ye 
“ 





Rete 


fee Cnly smal semcles can be useé because of the Linitction on 
sheet Tue mige =S = 

(ce) Errors may bo intreduccd through gain in w eight by oxidction. mS 

(f) dven methods are usually time consuming. 


The oven methed.uscd in 
a tered moisture ai ry in a vacua oven (28-S0-inen vacuum) 80 


; 50°C for 16 hours, cocl in a desiccator, and woieh. Ine Loss in 
weight represents the moisture in the eliquot. 


Weigh accurately «a 2 grem aliquot) of thinly sheeted somple Ve 
i Dz 
i: 


(2) Distillation method. Reeontly a refincd distillation mothod was 
Beseribee seich crorcotes many of the defeoavs of oven mathods.- [nm this meres 
POisture ix the semplc is distillcd with volucne, AHL eC eOUL Lit ee treo C22 cust 
Grswn into « calibratedé cavillnry snd mensurca. The apharnatus 18 shown in 
Mais Appondcd illustr«tion. 
Tic cavillary tube, the tres, and ths Como ss leone Pea? wits psy thi is 


Beem Of silico: paljuer to nrovont water aronlots trom sdhering to the sect hs 
3 te revorss the usuzl wetor- 


Of ths aveerstus. Tho cifect of this c O2ti ss 

Gress Moniscus, and the result is & nercury-tyop. mouiseus thet is ossily sven 
an the csyillery. The a cord costing is anvlica by pouring a LOLuUtrCH, Som 
Of wirod Me Aiorseit eSnos (Drifite) dissolved in 100 m. of dry toluene, 
lato the clean air-dried cpparrtac snd oliowing it to stand in centact 2GrOAL— 
mately 15 minutes before pouring out the excess solution. It is important 
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LEGEND 
FLASK 
TRAP 
TUBING FOR OVERFLOW 
CONDENSER 
CAPILLARY TUBE 
SPHERICAL JOINT ? 

MEASS TUBING FOR WASTE 

ASPIRATOR BOTTLE 

MG STAND CLAMS WITH THREADED BLOCK 
BRASS PIPE THREADED TO PASS FREELY 
THROUGH THE THREADED BLOCK IN S 
LEVELING BULB 


APPARATUS FOR 


MOISTURE ANALYSIS 
BY DISTILLATION 
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thet the glassware be air dry end not oven dry, as a 
adsorbed water is essential to form the coating. Tne apparatus is then air 
dried and heated overnight in an ovon at 10S. 


¢ a very thin layer of 


The capillary is calibrated by adding, progressively, weighed increments 
of water to the tapered portion of the trap, which has been filled previcusly 
with dry toluene up to the overflow tube. After cach increment has been 
‘added, the water in the trap is raised up into the cavillary by lowering the 
leveling bduld. pee height of the water igs is Eee with an accurate 
metric scale and tne leveling bulb raised to return the water to the tapered 


yortion of the abt 
cess repeated. 
Because toluene is presert in the trap, the water column is eonfined 
between tivo ooluxis of toluene. This 
in obtaining a sharp mercury-type meniscus at botn ends or the 
If the cavillary is uniform, a simple weight to length factor 


required. 


e water Cem. 
ice ollie bhai Ss 





Calibration Factor: C =_D_ ; 
| B 
B = the len,th of the water colwm in millimevers. 
. D = the weight of the water in grems 
Gut slices not more than ene-half inch in thiciness rrom the ole of 
fubber for which a moisturc detemminetion 15 to ce made. - Vieigh to the nearest 
a @ specinen comprising a onroximetely <5 grams. Place the.weighed 
pecimen in a 2-pound siz¢ kraft naper bag which has been refluxed in toluene 
for 5 hours (Note: The paper bags may be stored under toluene after rcftlux- 
ine, but should be rcfluxcd again for st least’ 30 minutes just prior to making 
@run). Plece the bag in the distilling flask anc ade 500 ml. of toluene which 
has seen dried by refluxing. Connect the distilling flasi: to the apnaratus 
using silicone grease to seal all ground glass joints. Heat he flasx with an 
@lectric mantie. Distill the toluene as mame le as possible without excessive 
foaming. Discontinue the heating after 7i minutes and rinse the condenser 
Se eit 


with dry toluene. Lower the leveling bulo until the water collected 


trav is drawn into the Cee Le: Rea 
the cavillary to the nearest millimeter. 


4 Woisture = 100(2C) 
A 


weight of the saaple in grams 


a 
oe 
= 


A 


B= the lensth of the water colun in mm. 


) C 
Soisture deteuninations ou both crude 
Carvied out with hifi deerec of yrecision by the distilat 
_ botenaenations for the establisineat of accuracy dave hear made 
laboratery that have Hiven a standard deviation or C.023 for crude 
and U.G15% for coiupounded rubber. : 


the calibration factor 


and compounded rubbers can be 
biou method 

at this 
PUL e 


ee ee . 


Another weigned cane of water is added ard the pro 
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prevents evavoration ioss and also fe 


ad the length of the colunn of water in 
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g. Resin Content and acid Number of Crude Rubber. Resin is determined 
ig erude rudber vy an extraction pr procedure with resin solvent. There are two 
potential sources of error in the procedure: (1) The extraction may not be 
complete because of the imperviousness of rubber. (2) A small amount of 
soluble low-inolecular-weight rubber may be present or form during extraction. 
the first error is overcoue by halting the extraction, resheeting to expose 
new surface, and re-extrecting. The second error is minimized by using ethyl 
alcohol as a solvent instead of acetone. 


Acid number of crude rubber is defined as the milli:jrams of potassium 
hydroxide required to neutralize the free zcids in the alcohol extract of 100 
grams of material. 


(1) Resin. Blend a sample by passing 6 times through close-set, cold 
compounding rolls. Weigh accurately onto a piece of filter paper 1 gram of oy 
crude rubber cut into small pieces. Roll the filter paper into a cylinder so 
that the pieces of rubber are separated from each other as much as possible. 
Place the paper and sample in an AST?! siphon thi:ble and place in an ASTM 
extraction apparatus using « tared extraction flask containing 100 inl. of 357, 
ethanol. Extract for 4 hours. Remove sample from thiiblo and dry for 350 
Minutes at 65°C. Re-extract for 6 - 8 hours. Remove the extraction flas! and 
evaporate the alcohol on a stcarn bath. Dry flash for 1 hour at 100°C an 2 
vacuum oven, cool in desiccator and tieigh. ‘Ths weight of the residue is resin. 


r 


(2) acid number. Add 100 ml. of neutral ethyl alcohol to the flask 
containing the sin re nee and warci oh steam bath for 10 - 15 minutes to 
dissolve the a Pat present. Titrate with standard alcoholic KOCH using 
yhenolpithalein indicator or pH meter (titrate to pH 11.0). 


(it. of extract) (100) / Yt. of sample, ETD 


3 
it 


(3) Calculations. % Resi 


ut 


Acia munber = (a. of 02) (4P 02 KOH)(5600) / Wt. of samle,nr 


h. Ash in Crude Rubber or Plant Material. Yeigh accurately into a tared 
No. 4 porcelain crucible a S-graw sample of crude rubber or plant matcrial which 
has been dried at 65°C, Place into a muffle furnace which is at a temperature 
lower than 200°C. The teapgrature is allowed to rise to 275°C. From this soint 
On, using a rheostat in the line, the oven temperature is allowed to rise at 
the rate of 25°C per 1/3 hour until 500°C is reached, This heat is maintained 
until the . cf the combustible matcrial has burned. Then the oven 





teaperature is raised to 580°C, and the ashing allowed to go to complceteoucss. 
oy . i 
the ashing: proc eer takes about 8 hours. 


ty Ash = (Wt. of ash)(100) / tt. of sample 


i. Trace Metals in Crvde Rubber and Plant Taterisl. petive fonas of 
trace © Metals, particwlcarl; copper, manganese and iron, greatly accclcerate the 
OXidation rate of rubber. iwaximum safe linits for copper and manganese have 
( deon Bet at. 10 and 5 parts nex million, respectively, for plautation rubber. 
Maxime: licits for iron have not been set althoush its deleterious effect 15 
Well known. : 

A comparison is shown in Tabls 5 of Hevoa smoked sheet with a typical 


ft. 


Saincvlo of resinous guayule rubber. It will bo noted that the guayulc is 
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Table 5. Comparison of Hevea Smoked Sheet and Resinous 
Guayule Rubber with Respect to Trace Metals 


Parts per Million 


LE 
Copper | Manganese} Tramane| Ash,% 


' 
L 
H.5.5. Mean 2.66 - 1.46 62.0 sa000 
Range 2 nt ie Gil ie red 60 - 64 -346 -— .358 
Mean 4.34 5.72 259 2 1.0000 


Range 3.8 - 4.7 | 5.7 --5.8 | .250 — 265 | 1.000.— 1.000 


ach mcan is average of 5 determinations, H.S.S. = Honduras smoked sheet. 
Guayule is typical resinous rubber. 


Table 6. Trace Metals in Guayule. A Comparison of Snission Soectrograniic 
Measurements with Absorption Spoctrophotorictric Measurements. 














Material Me./l00 g. Material a 
Copper Manganese Iron 
FEUER AEA Were trbo Ge raw Ble 2h 
Defoliate shrub SP AERTNETE GaeGOce: 2.50 moadl4.0 109.1 
Bagossc - lt 1.26 1.36 3.72 2-18 320.8 1211.3 


By cruh 2.00 2:73 3.00 2-50, 132.0 106,0 


Resinous rubber 41 045 1.20 69 56.8 64.c- 

Worn deres. rubver .28 204 ie od 6U.2 65.6 

Shrub déres. rubber .45 254 ois pos ot & 44.2 b 
ee ee a A ee 


fiean sedis, BLS) 2.048 1 ..55C 86.45 65.42 


i 


Q = Baission spoctropraphic valucs supplica 7 Dr. Pave nce eo Res TEETH 
Accuracy estimated at f LU. 
A= Absorption spectrophotometric yalues obtained with a Coleman Universal iw 
° ' Spoctrophotomotcr. 
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somewhat higher in copper and four tiwes as high in iron and manganese. 
Sone samples of guayule rubver have run as high as i5 ppa of either copper 
and manganese, although the average for these metals is about 6 ppm each. 





Table 6 shows a comparison orf the absorption method used in this labora- 
tory with the emission method uscd at Western Regional Research Laboratory 
for three types of tissue and three types of rubber. The agrecment is reason- 
ably good except for a few discrepancies. The avsor tion method appears to give 
somewnat higher cooper values, lower manganese values, and about equal iron 
yalues. The absorption values are recalculated in Table 7 to put thom on a 
shrud besis. Here it can be seen that only a very small part of the trace 
metals in the shrub actually end upd in the rubber. 





¥en 





An attempt to run a trace metals balance during a typical batch milling 
is shown in Table 8. The large gain in accountability indicates that trace 
| metals are picked up from the processing equipment (probably mostly rock 

| flour from the milling pebbles) during treatment. Fortunately, most of the 
| contemination appears to go out with the effluent rather than remain in the 
rubber. : | 





e been incorporated into the method 
rzency Rubber Project. However, the 
ad is canable of good precision. 
4. 
v 


A 
hia 
S 


| _ Several improvements in technique hav 
I of determining tracc metals since the Eme 
| method is basically unchangea. The metho 
\ Replicate measureaents should perce to wi 
)  wUnder the best conditions. In dealing with 
| Upon the skill and experience of the op: ravers 


oma for copper and manganese 
such tiny quantities: much dcpends 


= 


metL) Pre sparation of metals solution. WMoisten the 550°C ash (see Ash Deter- 
Mination) with 5 ml. concentrated HCl ani boil about 2 minutes. Pro Ts 
of distilled parce ana filter through acid-hardencd filter paper into 4 loom. 
volunectric flasi:, leaving most of the residus 
ness in the crucivle. To the dry residue add 
sulfuric acid and evaporate to sulfur trioxide 
) ECl and warm. Filter and wash into the samc fl 
hot 1:100 HCL, then with hot distillcd water. 
is Solution 1 and must be prepared in a hood. 


e 
which is then cvaporatcd to dry- 
15 - 20 @rops of concentrate 

fumes. .Cool’, add 1 ml. of 
ask with five 5 ml. portio 
take to volume and mix. Th 


~ 


/ 


(2) ron ‘a€ctermination. Pipct similar aliquots of 2 ml. each fron Solu- 
tion 1 into a 25 ml. volumctric flask and tes st tube. Add two drops ofr 
bromoshonol blue indicator solution (1 g. vromophenol vluc, S mb. 70.05 EF HadE, 
@J0 M1. watcr) to the aliquot in the tost tubes and titrate with 2 i sodium 
acetate solution until the color matches that of an cqual volume of pr 
. buffer solution containin Ne CNS Same eae or imlicetor. wredol mi. 3 

QWinone solution (1 @. hydroauinone in 10) ml. of oH 4.5 buffer solubion) 
and 2 ml. of o-vhenanthroline reagent (1 4. o-phenanthroline in 400 ml. water) 
to the aliquot in the volumetric flask, ana adjust the pH of ths contents to 
$.5 by adding the same volume of sodiua acutate solution as was Yound nec 
for the clicsuot in the test tube. Ira turbidity develops upon adjustnen 
9 the pH of the aliquot in tho tust tube, add one ml. of axmonium citrate solu- 
& tion to the volimctric flas!: before adding the sodiua acetate solution. iiake 
to Volumc, mix, and let stand for ] hour to aussurs ccupletc color devcelomnent. 
| Wwasurc transmittance on spoctrophotomster at 990 millisaicrons, Determine 
the Concentratiou of iron rrom a calibration curve previously prepared fron 
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Shrub Copper Manganese Tron | 
100 . 1.87 2.50 10$.2 
60 ,82 1.29 66.7 
puresinated shrub 94 2.97 2.35 99.7 | 
is rubber | | 18 .O81 124 11.6 | 
‘ora ae rubber 14 2047 +0127 9.2 
Seiipresinatcd rubber 14 076 077 6.2 
fable 8. Trace Hetals Accountability During Batch Tbh Billing. 
9 | Yeignt hz. /100 2. Defoliate Shrubd [ 
in ; | 
Katerial Grans Copper Manganese Tron 
sirub, G yr. old 100.0 1.87 2.50 103.1 
sens Go es is. 0 08a TT aer 7 12.0 | 
Bigasse- , . 58.3 menos 1.255 67.7 | 
Effluent Pass - 23.0 2.070 2.020 64.7 
Fotal= <> 100.0 3.104 5.401 144.4 
' Kecountability gain, Wt. - 1.234 901 95-3 | 
Accountadility cain, % 66.0 36.1 B24 | 


~~ 





Defoliate 








g./100 ge. Mg./100 g. Defoliate Shrub. 
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standard iron solution of 1 mg/l., dissolve 1 gram of olectrolytic iron in 

50 ml. of 10% sulfuric acid, warming if necessary. Cool end dilute to l liter 
with distilled water. ; 

(3) Copper dctermination. Pipet a 50 ml. aliquot of Solution 1 into a 

(125 ml. glass-stoppered separatory funnel. Add 10 ml. of 15% citric acid 
soLution. Drop a small piece of litmus papcr into the funnel and neutralize 
with 1:1 ammoniun hydroxide solution. Add 4 ml. of ammonium hydroxide solu- 
eeemein cxcess (pH = $.S). Add 20 ml. of carbamate reagont (1 g/l of sodiun 
diethyl dithiocarbamate in distilled water) and 4 ml. of carbon tetrachloride. 
Shake mixture vigorously. Allow 20 minutes for layers to separate. Shake down 
Geroon tetrachloride from upper surface, dry stem of separatcr, and draw off 
cerbon tetrachloride into a dry 25 ml. imac flask. Repeat extraction 
three more times or until carbon tctrechloride laycr is colorless. Hake to vol- 
ume and add about 1.5 g. anhydrous sodiun sulfate. Stonpner and shake. Vicasure 
transmittance of the ee yellow carbon tetrachloride solution on tho 
spectrophotcmetor at 435 millimicrons. Transmittance should be measured wi ear 

2 hours as a slight pha det may develop in some samples. Read concentrati 
‘from a calibration curve rreviously prepared from similarly treatcd See 
solutions of knovm concentration. To prepare standard coppcr solution of 
lmg./ml, dissolve 3.9.:3 ¢. a, in distilled water and dilute to 1 liter. 
Standardize gravimstrically by electrolytic deposition. ; 
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similarly treatcd standard solutions of known concentration. To prepare oe 
} 
t 
5 
i 
i 
f 
i 
[ 
{ 
{ 
: 
i 
| 





} (4) Manganese determination. Pipet 25 ml. of Solution ] into a 150 ml. 
beaker. Add 2.0 ml. concentratcd sulfuric acid, cover with ribbed watch g.ass, i 
amd carefully evaporate until sulfur trioxide fumes have appeared for 5 min. 
Moa 4ml. of 2 nitric acieé to ths beaker, warm to dissolve salts, and transfer } 
Mmemno ml. contrifuse tubs craduated at 10 mL. Add 1 ml. 85% phosphoric ecid 
tO tho tude and wash the beaker with distillcd water, keeping the total vols | 
under ll ml. Stir the solution thoroughly. Place in a boiling water bath and 
ada about 200 me. votassiun motapzriocdatc. Stir until all -of the salt ae : 
dissolved and leave in a) Bath for 1 ee Cool and mate to ae (10. Oo mie ee 
If silica scpareted out during the first cvaporation, centrifuge 5 minutes at z 
£000 Rii just befors transferring to EbEOL Sei ON coll. h:easure een nee 
in spectrophotometer at 530 millimicrons. Rcad concentration from a calibra- ' 
_ tion curve previously prepared from similarly treated standard solutions of | 
| known concentration. To prepare standard manganese solution of 1 mg./nl., i 

dissolve 2.878 g. potassium permanganate in distilled water and dilutes tol 

Miter. Standardize with sodiun oxalate. 

I 





as Total Solids in Liquids. Frequently it was necessary to measure the 








total solid: in wastaole ViGuors or materials which formed a skin on cvapora- 
tion. ao Following methods were used in those lnstancts. 


(1) Solutions high in sugzars. Placc 5-10 grams of clean, acid-washed sand 
that has beon ignited at 800-900°C for % hours in a 50 ml. cvaporeating Gish 
Heat tho dish at 110°C for 20 minutes and cool in a desiccator. ‘WJeigh the & 

) Gish and sand along with a short stirring rod. Pipet cd ml. of the wcoll—ni xod { 
BOlution into the dish. Place the dish on a steam bath and evavorate nearly ci 





Q 


to dryness. Stir to insure mixing, of the thickencd solution with sand. Put 
the dish in a vecuua oven at 70°C and dry to constant weight (12 hours). 

Cool in a desiccator and weirh. Tho total solids may bo ropontea as grams of 
matcrial por 100 ml. of solution. 
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(2) Quics method. Place 5-10 grams of clean, acid-washed sand that has 
nignited at goo-900°C ror 3 hours in a 50 ml. evaporating dish. Heat 
dish and sand for 20 minutes at 110°C and put in a desiccator to cool. 

the dish and sand. Pipet a 20 ml. aliquot into the dish. Place the dish 
a 110°C circulating air oven and dry for 3 hours. Cool ina desiccator and 


gh. 


ke Rubber Hydrocarbon and Resin in Vater Dispersions. Analysis of 

water dispersions of guayule rubber presented a problen which was never fully 
lyed because of the wide variety of samples and concentrations encountered. 

e ruboer hydrocarbon concentration varied from a fey milligrams per liter for 
"iuent samples through 1-2% for dilute latex dispersions, up to 60% for 
concentrated latex. Sailpling difficulties were frequently present, particularly 
with effluent samples. The latex work was halted in 2¢49 so that analysis of 
Jatex ceased to be a pressing problem. 


, 
(1) Disperson concentration. In analyzing effluent samples it is necessary 
to dispose of large quantities of water. Tho saaples cannot be filtered be- 
eause the large amount of fine plant solids rapidly wlind the filter. Experi- 
wents Were conducted with clarifying agents such as calcium oxide, calcium 
chloride, and lead acetate with and without heating. Lead acetate, when added 
at the boiling point, clarified the solutions quite well but later interfered 
with the rubber hydrocarbon determination by bromination or film method. 
pi chlorige was better than calciwa oxide dut neither was as effective as 
led acetate. Filter cel proved to be too bulk Further research might reveal 





kye 
a satisfactory method for clarifying dilute dispersions for analysis but the 


present Work indicated that excessive man hours might be involved. 

(2) Determination of Rubber and Resin. A method was developed based on the 
evayoration of the water which could be used fer all concentration After 
evaporation the sclids «are extracted for resin and rubber. This m 
time-consuming, does not require much of the operator's time. 


oO wn 


Table 9 compares acetone with alcohol as resin solvents in their effects 


oi rubber hydrocarbon by venzene film and bromination. 


jfablle 9 Analyses of Effluent for Ruvvoer Hyarocarbon 
9 
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Mg./100 ml. Standare _  Goefficient | 
Treatment Bean 2viation of Variance, & : 
. Ce ne a ee Gg a Re ee a ee ODOR ADCS ACTON PEE a IT * 
bicctone, benzene film S00 -65 3-50 | 
Acetone, bromination 3.07 -86 a7 G4 
\ ° © 
Mleohol, benzene Pils 3.80 1.03 27.01 3 
Mjoonon, dromination 3.48 .87 24.95 
a 
Meh mean is the average of 24 determinations. 
{ 











Oy 7 
: P < =~ % Cc a 3 ° 
- = * * 7 GW mg r : ‘7 
» £ F e G&- — = : i; — go = € & = ¢} ce - a G a 
- y ee 4 _— ; > a a $ 7. #4 Ss ff eK oe a D ; I ag - 
- a - 0) 4 - — G- t ~ ra foe > ¢ 
' a 7 C. qq turk“ ‘2 4 d : ns ae , a ‘ 
« | ik oes te t + wh . ‘ « . © 
’ a’? = @ 24 Pom Oo | & a m= ts . 5 ' 
iw @ o rein " 5 ‘4 $ ‘ ~/ hat - » a 
a ;. ‘ ‘4 ° * . oe 
oO a a t “ ~ 2 ~ “ ; 5 
o cc ia _~ - , i ~, in ‘ 
36 2. . = ; 
4 = ? 
ee : : ‘s > 
: “— c-- ca} » 4 id » 
~ CS — > - . . > 4 4 
* > ) r : By 
c 7 ‘ ft A ; 
7 “a 2 WT 7 P E f 
nl) 4 4.'| . = 
s } 
ep - - _s be 7 
2 7 ’ . 
. <4 a @ 
- — = > 
3 a , ye 
a ‘ 
‘ 7 
; @ 
a ' 
ao; 4 
bs ° : 
. * “ ® 
‘ ; i ‘ ; 
é t ; F S te 
o 4 - > 
3 iJ *- 
‘ 4 “ . 
» ~ ww > ~ 
? oo @& 4 . ; ~ a « 
7 ¢’ “ i rt f/x ; 
.) Pt 5 , < = ae Cs > 
r a a a S j . a ¥ 
S ww . é , : ; 
ts «4 ¢ » ¢ ‘ 
2 e ° ry o _ s . 
at 4 aod ;- 
- _ 2 
-~ -¢ Le ¢ ¢ 
Pe Ss - , : ‘ ‘ 
yal? r cra ne ~ 
_/ y : 
‘ * 
. , 
, 
% = 
. fs 
«ds oe " ; 
<a = ©& 
* : 
pts | 
En a Eee a) ee = ee oe -— “ a > 4 


EN ee ROR Hy MS REE EE Certs ea nr Re CT et gE Rely GO eee ae Tg ew a Cae en ee Re AE I 
7 = 


pow! A RT Wi et PBN ct nar teenage tet, VBS MENG pk at De® 


rt a 
< hegeeFed aaa +g ee” + 


“7< 


a 
- a aie oe gr oe oa 








‘ability, the rubber in the effluent is a very small part of the total. 


or bromination. Report results as Mg./LOO ml. 


III - 18 = 10) 


There isn't much choice between treatnents. The coefficient of variation for 
all four treatments when applied to shrub analysis is approximately 1.%. 
therefore, it appears that most of the error occurs in sampling. Until the 
sampling of effluent is greatly improved there is not much point in trying to 
improve the method further. Fortunately, from the standpoint of rubber account~ 


Transfer a measured eee of the Mee eed sample estimated to contain 
approximately 250 mg. of rudber hydrocarboa (le-oted imitthexcase S erfluent) to 
a beaker of appropriate size. Evasorate to dryness in a circulating air oven 
at 90°C (usually 24-48 hours) to insure coagulation of the rubber. Soak for a 
few minutes in 50 ml. of distilled water which has just bcen previously 
heated to boiling. Transfer to an extraction thimble containing a glass wool 
pad. Place a glass wool pad on top, place the thimble in a siphon cup, and 
extract with water for 4 hours in a modified ASTM apoaratus. Extract with 
ethyl alcohol and benzene es given in the section on Rudvder Hydrocarbon and 
Resin in Guayule Plant Meterial. Determine rubber hydrocarbon by film weight 


1. Dotermination of Bromine in Rubber Bromids. In order to demenstrate 
the value of brcmination es a means or determining rubber hydrocarbon, it as 
believed highly desirable to eos the purity of the rubber bromide formed. 


~ ren, 


Willits et al attempted this by analyzing the bromide for carbon and hydrogen. 
AY io 


They éotained results lower eee Rikas retical. In this laboratory, ths problin 
was attacked by analyzing the rubber bromide for bromine content since bromine 
is the major constituent (70%). Results obtained with the Parr bomb and Carius 
methods were disa ee bec2use rubber bromide is difficult to comoust. 

The’method cescribed by Peters ect al Pane the Shell-Braun apparatus was tried 


with gocd results. In this m: athod the seaple is vaporized in a stream of air 
and the vapors are oxidized over quartz particles at 950° to 1000°C. The 
halogen is absorbed in an alkaline peroxide solution and is then determined 
by volumetric analysis. The method is accurate to about 0.1% bromine when 
analyzing rubber bromide. 


(1) Reagents. 
(a) Sodium hydrox tide, 25%. Dissolve 500 g. C.P. sodiun hydroxide 


in 1400 wl. distilled water. Cool in water oath over 
night and dilute to 2 liters with distilled water. 





(b) Hydrogen peroxide, 6%. Dilute 200 ml. C.r. hydrogen 
Br (305) to 1 liter. 

(c) Sodiwa carbonate, 2.5%. Dissolve 50 ¢. C.pP. sodium carbonate 

in distilled water and dilute to 2 liters. 


- 


(a) Hydrazine sulfate, C.P. 





(e) Nitric acid, 35%. Dilute 415 ml. C.>. concentrated 
nitric acid to l liter with distilled water. Acrate 
to remove oxidos of nitrogen. 
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(f) Ferric alum indicator solution. Dissolve 350 g¢. 
C.P. ferric ammaoniun sulfate crystals in 1 liter 
of distilled water. Add 200 ml. of 30% aerated 
nitric acid. 


(g) Sodium chloride. Since this is the primary standard, 
the C.P. product should. be recrystallized. Prepare 
a saturated solution using C.P,. sodium chloride and 
distilled water. This solution is filtered and con- 
centrated hydrochloric acid is added to the filtrate. 
The precipitated salt is filtered off with suction, 

-washed with water, Gried, ground to a powder, and 

heated in an electric furnace at 500° - 600°C to 
constant weight. 


(h) Silver nitrate solution, standard 0.1 N. Dissolve 

17 g. C.P. silver nitrate in distilled water and 
dilute to l liter. Store in a dark bottle. Stand- 
ardize volumetrically against 0.14 to 0.15 g. pure 
sodium chloride usins the Mohr method which is as 

’ follows: Dilute chloride with 25-50 mi. distilled 
water into a small Erlenmeyer flask. add l ul. of 
5% potassiu: chromate solution and sloily titrate 

- with O.1 N silver nitrate solution swirling constantly 
until first permanent color deviation from pure yellow 
of’ the suspension is obtained. Determine indicator 
blank by edding 1 ml. of indicator to 50 ml. distilled 
water and titrate wntil the color of the blank matches 
that of the solution titrated. Tno blank is deducted 
from the volume of silver nitrate used in the titration. 
Calculate nomality of the silver nitratc. 


(i) Potassium thiocyanate solution, standard 0.05 N. 


(2) Procedure. Flace 4C ml. 25% sodium hydroxide and 60 ml. distilled 
Water into first scrubber of the Shell-Braun apparatus. Into second scrubvder 
place 25 ml. of 6% hydrogen neroxide and 75 ml. Gistilled water. Replace 
Scrubber solutions daily. 


Pipet 25 ml. of 2.5% sodium cerbonate and 10 ml. 6% hydrogen peroxide into 


Poriiary absorber and inix by turning on vacuun piuap for a Tm! minutes. Paper 
10m. of this solution into filter tube. 


Assenble apparatus and adjust vacuira control valve so that air is drawn 
through absorbers at a rate of about &.5 liters por Jinmute. Heat conbustion 
tube (fillcd part) te a temperature ei 950 - 1ov0°C while air is being drawn 
through tubs at requirca rate. Maintain temperature and air control at this 
(3 fe during rest of analysis. 





Break connection between air scrubbers and quartz tube and insert combus- 


‘ion boat and weighed sample at distance of 140 to 150 im. in quartz tubc. Use 


ee 


y “TO hook: to put in vositionu. Reconnect air scrubbers, place Fisher burner 
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under quartz tube at point near entrance end and vaporize sample at a slow 
constant rate by gradually moving burner toward boat. sfter sample has been 
vaporized, move burner slowly along tube so as to vaporize any material 
condensed between boat and furnace. 

Place burner directly beneath boat and place nichreme gauze on tube 
above burner. Turn on oxygen supply and adjust flow until air from the 


‘atmosphere just stons flowing through scrubber. Burn ail residual carbon by 


moving burner and gauze alorg the tube up to ths furnace. Turn off oxygen 
suvoply and edjust heat input to the furnace so latter will not overheat atter 
oxygen is shut off. 


Disconnect quartz tube from the absorber. Stopper the absorber opvening 
with cork and allow a vacuun (20 to 25 in.) to develop in the absorber. 
Close vacuum control valve and slowly blecd air into system through air inlet 
valve, allowing the liquid to be drayvm from the secondary absorber into the 
lower U-tube. As the pressure equalises remove spray trap and rinse it wit! 
distilled water, collecting the washings in the filter tube. After all the 


‘liquid has been dravm into the lower absorber, rinse filter tube thoroughly, 


using a total of not more than 20 mi. water. Finally, remove filter tube and 
wash the ground joint inside and out. 

Transfcr the liquid quantitatively to a 250 ml. or 500 ml. Erlenmeyer 
flask dcpending on the amount of halide pressnt (0.2 mg. or more -500 mi.; 
Geems. or lcss —- 250 ml.). 


Boil solution 30 minutos to decompose 2 taking care not to silo 
volume of solution to bocowic less than 50 ml. Romove flask from heat, and add 
yon VW 


O.1 g. or 0.5 g. of hydrazinc sulfate again depending oh tho amount of hz 


Prescnt, end ict cool to room tcmporaturc. 


and edd 10 ml. nitrobenzene end 3m. of fcrric alum indicator solution. /.dd 
0.4 to 0.6 ml. 0.05 N thiocyanate solution from a burctts. 


Stirling continuously, titrate with 0.1 N silver nitrate solution until 
@eeerod forric thiocyanate color is Bears thon eda) es tors mi. orexccss. 
Stopper flask tightly and shake vigorously to coagulate and remove the 
Precipitats: from the aqueous phass. Without refilling oe Cpayelitrats wit 
0.05 NW thiocyanats until a slowly fading red color is obtaince. Stovrcr 
flask shakc vigorously for 20 to SO seconds, and continuc eta tion toa rod 
Meper hich docs not fado on further shoking. 


S 


% Br = (hil. Ag NOg) (Mormality) (.07992)(100)/#t. of sample. 


end retin fractions...” Taole Lee Celene, heaake 


ve 


ri Determination of Carbon and Hydrogen. Carbon and hydrogen wore 
ds ain: aT on purificd rubber films 
analysis or & purificd.cusyul. film. A bunzcnée-rubber solution was prepercad 
by successively extracting guayule shrub with watcr, acctone, ethanol, and 
bonzcnu. Films wore prevercd by evaporstion on a water oath and were stored 


in the dark in a vacuum desiccator until analyzed. 


. 


A so crab ani rnd ae ee eS ee +e 


Filtcr the solution if nocessary. Acidify with 10 ml. of 35% nitric acid 
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ble 10. Analysis of Purified Guayule Rubber for Carbon and Hydrogen. 


« 


" gonponent % Found % Theoretical % of Theoretical 

| yarocarbon 99.49 100 99.49 

Hydrogen 11.80 Piro 99.48 
Fach value is the mean of 3 determinations. 


a a 


(1) Procedure. A carbon and hydrogen combustion train with electrically 
heated furnaces was set up. A weighed sample of rubber (approximately 0.1 g.) 
| 4s burned in the combustion tute through which is passed a slow stream of oxygen 
(2ml./min.), The combustion usually takes about 3 hours. Proper burning gives 
complete combustion to carbon dioxide and water, Water is collected in an 
absorption tube containing "Drierite", and carbon dioxide is retained in the 
tube containing "Ascarite". 


carbon. - 87.69 : 88.16 99.47 | 
| 





If the rubber catches on fire there is momentarily a deficiency of oxygen. 
hs results in the forration of carton monoxide some of which, not having time 
to be converted to the dicxide, is not absorbed by the ascarite. To overcome 
this, the charring end of the sample must be observed carefully to note its 
appearance. The heating unit may safely be advanced slightly beyond the forward 


eige uhen about 1/8-inch has lost all of its gloss. 


Hydroperoxides are formed when rubber 
measuring ‘hydroperoxides. The 
he method described by Walker 
aluicts Avgit 





n. Determination of Hydroperoxides. 
is oxidized. Methods have been developed for 
nethod used in this laboratory is an adaptation of 
and Conuay for the determination of hydroperoxides in petroleum pr 
is based on extraction and reduction with sodiwna arsenite. 


The method is similar to the method for petrolewn products except that 
benzene is used as the organic solvent instead of petroleum ether, and the 
extraction apparatus is modified. The extraction apparatus in this method con- 
Sists of a 500 ml. separatory funnel which is the extraction flask. This is 
en¢losed by a heating mantle adapted for use with a funnel. The heating mantle 
Meats the extraction flasi: end it is regulated by a powerstat. A condenser 
Connected to the scparatory funnel refluxes any vapors which may escape. 

Witrogen enters the system by means of rubber tubing extending down the con- 
dmser into the extraction flask. 





x ° = ~ slaps <8 5 De. 
The sample to be analyzed is mide up as a benzene-z ubber solution. A 2p 


P bouzene~rubber solution can be obtained by use of the shaking machine «| The 
ae Miianzené-are shakén on the shaking michine for 15 minutes, the solution 
J allowed to stand over night, with 15 minutes additional shaking the next day. 


V7 


unnel with ethyl 


nends washing the dispensing f 
as ethyl alcohol 


The petroleum method recom: 
Alcohol; nit in the present mothod benzene was used instead, 


Pauses interference in the starch end point. 
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(1) Standard solutions. 


(a) Arsenious oxide, 0.1N. Dissolve 4.9450 eu Of pura dry” 
arsenious oxide in 50 ml. of 1 N sodium hydroxide. 
Make neutral or very slightly acid to litmus paper 
with 1 N sulfuric acid and dilute to 1 liter. 


mat 
Spee: 0S 


AV Gave 


(b) Iodine, 0.05 N. Dissolve 12.7-¢. of G.P. iodine and 
40 g. of C.P. potassium iodide in 25 ml. of water, 
and dilute to 2 liters. Standardize against the 
arsenious oxide solution. 


(2) Procedure. Add to the extraction flask 75 mi. distilled water, 20 ml. 
of 1 N sodium hydroxide, 2 drops of phenolvhthalein indicator, aliguot of 
sample to be analyzed, and 10 ml. 0.1 N arsenious oxide. The dispensing 
funnel is finally washed With about 25 ml. benzene. Add enough benzene to 
bring volume of top vhase between 50 and 100 m. Bubdle nitrogen through tke 
Solution at a moderate rate for 5 minutes, thcon turn on the heater at a 
powerstat sctting cof 75. ‘hon refluxing eae? adjust the flow of nitrogsn 
and heat for maximum reflux. If pink phcnoiphthalcin color disappears, 
restore aikalinity with 1 N sodium hydro ie and add 2 ml. in exccss. 





+ Sa 


< 


Reflux for 45 minutes thon acidify mixture dropwise with 10 N ak 
Seems turn off heater, and let extraction flask cool to approximately roc 
temperature. Shut off nitrogen end let two phases separate. Withdraw te 
phase into 250 ml. severatory funnel, extract & times with 25 m. ee of 
Gmoro.orm and discard chlorofora washings. Transfer solution to 500 ml. wide 
mouvn Erlenmeyer titration flask and chili in ice. Add 1 gram sodiun bicarbonate 
Qld titrate soluticn with standard iodine. Determine end point by means or 
starch indicator. 


9 ol ey amin se oly ie ek 
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sz 


Run a blank dstermination with each sample or series of semples, using the 
Samé amount of reagent and soivents. Calculate the percent active oxygen by 
means of the following equation: 


% activo oxygen = 8 N (b - s) 
. 10 W 
§ A 





where N = normality of iodine solution; b =ml. of icdine solution for blank; 
S=ml. of iodine sclution used for suaple; and W= grim. of sample used. If 
bis less than three tiros as large as (bd - s), repeat detcrminations after 
Sgjesting amounts of sample and standard arscnious oxide reagenv. 


©. Determination of Antioxidants. Antioxidants cre added to sus nvule 





’ 
TUbber to make it more Stable in svornes. It is important to know how muck 
antisxidant hus becn added so that the storage properties can be closely i 
~& 


Controlled. For a while MDT (meta diamino tolucne) wus added by soaking the 
Tubber ino water solution of the antioxidant. It was found that the concen- 
tration of MDT could be determined by titration with hydrochloric acid to pH 
oF 4.00 (pli meter), At this point one of the two amino groups hus been 
Nevtrelized and a sharp inflection in the pH-concentration curve is notod. 
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pwover, Bio usec Of DT wes discontinucd bcoecuse }DT grently affeoctcd the cure 
ring wulesnization. This xppears to bo a cheractcristic of primery cmincs 
quse TODOX (4,4!- diamino-diphenyl mcthanc) snd oxynone (2,4 -— dicmino-di- 
nyt meth=nc) do the samo thing. 






PBI (phonyl-beta-naphthyl amine) and later, AgeRite ‘white (di-beta- 
pophthyl-p-phenyl ene diamine) were used to a considerable extent. Neither 
tioxidant can be determined by titration. PBN’ is. used in CR-S and a method 
available for determining FBNA based on its ability to absorb light in the 
ate violet region. Presumably Age-Rite White tiould also absorb light in the 
wltra violet region. However, an ultra violet spectrophotometer was not 
gyailable to the laboratory so a method based on total solids was developed. 
me method is not specific as any dissolved solids such as resin interfere. 
the method does give an estimate of antioxidant in deresinated rubber. 


(1) Procedure. Sample deresinated worms (10 - 20 grams) immediately 
after draining antioxidant solution. Place in tightly sealed tared weighing 
dish. - 


Sample antioxidant solution which has been drained (approximately 25 ml.). 
Place in tightly scaled tared weigning dish. 





Weigh dishes containing worms and antioxidant solution. Zvaporate both to 
yness in explosion-proor oven at 65°C. Cool and weigh the residues in the 


dishes. 
(2) Calculations; 


¢, antioxidant in solution = B(100)/¢c 


Bis the weight of totel solids and © is the weight 
of solution drained. 


~~ 


% antioxidant on rubber = D (% antioxidant in solution)/ # 


D is the weight of solution retained by the rubber 
‘and E is the weight of dry rubber. 





“leight). Changes in 





Pp. Inherent Viscosity Measurcments. (Molecular 


molectlar weignt resulting from various | processi nz treatments were folloyedl oy : 
inherent viscosity measurements on dilute solutions of rubber in benzeusc. 
Mabsolute noleaular weights were nob usually calculated becauss GLecis Gisavrce— 
Rent among, authorities as to which equation should ve used. Staudinger, Magat, 
Flory, and others have piblished oquations which lead to different results. 
However, inherent viscosities can be used as a relativemeasure of molecular 
Weight without calculating the absolute values. . 
Inherent viscosity measurcaents were shown to be particularly useful in 
licating: the oxtent of degradation, as caused by the successive processing 
$l095 involved in the recovery of rubber. It “as round that much degradation ~ 
a 


Crushing and hanuermilling of shrub 
However, 9 
and scrub- 


takes Place during storaye of shrub. 
apparently caused no significant change in inherent viscosity. 
(Madual downward trend oceurred through pebble milling, CECOEKINE, 
Willing. Drying crude rubber with heat is indicated as being very deleterious 
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and especially so in the case of resinous rudbver es compared with deresinzted 
rubber. The cumulative effects of processing may thus contribute appreciably 
to lowered quality of the final products. Much of the degradation due to 
_ drying was shown to be retarded or prevented by addition of antioxidants +o the 
- pubber. 
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(1) Sample preperation. Samples of crude rubber worms (25 to 50 grans, 
dry basis) were first extracted with cold acetone to remove resins and/or 
water, depending on previous treatments. . Extraction was conducted batehvi 


se 
using three changes of fresh acetone with frequent Shaking over a 2-day period. ; 
The extracted worms were dried at room temperature.. A 2-gram sample of dri2d ; 
worms Was placed into 200 ml. of benzene and allowed to stand for 3 days, with ‘ 


occasional shaking. The sclution was carefully exemined for the presence of 
undissolved rubber, then centrifuged to remove all non-rubber benzene insolubles. 
A 50 ml. portion of the clarified solution was diluted to 250 ml. to give a con- 
‘centration suitabls for the determination of rubber hydrocarbon by bromination. 
Further dilutions were made, usually 15 to 50 ml., to give a relative viscosity 
Within the range of 1.2 to 1.4. Ordinarily this concentration varied between 
0.05 and 0.06 grams per 100 ml. of solution. 





In the case of plant tissue, a sample of approximately 25 g. (dry basis) 

was extracted with acetone in a manner similar to that used for rubber worms. 
After deresination and drying, the plent material was treated with 300 ml. of 

| benzene end shaken periodically. The solution was decanted after 24 hours, 

* afresh 206 ml. portion of benzene added, and extraction continued for another 
@ hours. This procedure was rspeated for a third 24-hour period. By this 

| procedure, anproximately 90% of the rubber was extracted. The combined. rubber 
Solution was diluted 2:1 for determination of rubber hydrocarbon by brominztion, 
then diluted further to give concentrations ap sropriate for viscosity measure- 
ments, 
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“All extractions with acetone, drying, and solution in benzene were con- 


TVs 


ducted in the dark at roon temperature. 


(2) Determination of inhsrent viscosity. Viscosity measurements were 
made at 25°C / 0.05°, using an Ostwald-Cannon-Fenske viscosimeter. The seme 


Viscosimeter was used thr ughout and its calibration checked frequently. 
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where ny = inhsrent viscosity 





n, = relative viscosity 


* 
oat 
Mea 


seconds for pvassafe of solution/seconds fer 
passaze of benzeiuc 


and C = concentration of rubber in ¢/100 m. 
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€raphing crude ruvver on silicone-treated filter yaper. This new developient 
PYoVidus another important means for comparing different elastomers such as 


A method has veen discovered here for chromato - 
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Guayule, Hevea, GR-S, and neoprene with respect to molecular weight distribution, | 
gel content, and various other inherent physical. properties and even the effect } 
of certain processing treatments. The full possibilities of the application 
of paper chromatograph; to the study of non-polar polymers and especially 
polyisoprenoids remain to be exploited. | 


This differential migration of rubber was accomplished by using silicone- 
treated paper as the stationary phase and certain viscous oxygenated solvents 
for the more polar, mobile phase. Actually this is a reversal of the conven- 
tional procedure of paper partition chromatography in which the vaper holds the 
polar solvent, ordinarily water, as a stationary phase. Most of the experi- 
ments were carried out with a micro scale ascending technique. The rubber 
Was applied frou dilute benzene solutions to give a line or spots at the edge 
of the sheet of silicons-treated »aper. Many moving solvents were investigated, 
but the most satisfactory proved to be cyclohexanone and mixtures of butyl 
diethyleneglycol acetate with cyclohexanone or xylene. Di octyl ‘scbacate 
also showed promise. The spots or streaks of partitioned rubber were rendered 
permanently visible by staining with oil blue KA (Calco). 


By means of this technique differential migration patterns have been 
obtained for various natural and synthetic crude rubbers. Although the shape 
of these patterns ordinarily precludes the assignuent of definite Rp values, 
the differcnces noted for dissimilar polyners or even for the same polyicr 

t 





When subjected to different shysical or chemical treatments provide an in- 
teresting visual means of comparison. The reproducibility of tha chromato- 
graphic »vatteras hes been found to ve good, provided thse precautions usual for 
such work are observed. For example, a definite resemblance was secn in the 
migration behavior of Hevea and guayule. The somewhat greater inobllity shown 
for guayule probably attests to a lower mean molecular weight, and a much 
smaller proportion of the poorly soluble gel fraction. The well known effect 
of trichloroacetic acid in dispersing the gel end otherwise decreasing sol — 
Viscosity has likewise been shown chromatographically. Visual demonstration 
Of the physical breakdorym which results from the milling of crude rubber has 
also been shown. 





| ‘» Recommendations for Future Research 

= 9 ; ; : 

Analitical methods for guayule research and devclopment are quite well 

| Worked out for the most part. A few items which deserve further study or 
Rave not bcon studied at all are listed here. 





| fe 
| The dotavicination of rubver hydrocarbon in shrub should ds worked on from re 
the standpoint of reducing the time of analysis. Factory control demands f < 
frequent and rapid analyses. Possibly a combination of the Traub turbidity f : 
method with a shaker extraction might be ths answer. : 
Trace metals should ve investigated with the purpese of determining the p 
—m active actals as well as total metals. The method ror copper should be e 

9 Studiad to fiad out why copper results are sometimes erratic and sometimes 
wiifora., -Carerully desigmed sampling, oxperiments end statistical -analysis a " 

OF the data would provide Tor mors accurate interpretation of results. — -) | 
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 @ffluent analysis needs mora study. The method needs improvement and 
sampling nceds investigation. , 


Studies on the apvlication of paper (and columer)} chromatography to 
gueyule rubber should ve incivded in any future program. Various interest- 
ing resemolances and differences in migration patterns have already been 


_showrm for guayule with respect to other crude elastomers. Correlation of. 


chromatographic pattern with certain inherent physical properties appears 
promising end might well ba developed later into useful control methods. 


‘ Methods should de worked out which would be spocifie for the determine- 
tion Of antioxidants. This could ve done in most cases by taking advantags 
of the fact that many antioxidants absorb light in the ultraviolet region. 


Determination of resin in crude rubber needs further work tc find a 
means of preventing ths formation of soluble low-aolecular-veight rubber. 
gee tion of.an antioxidant might be helpful. 

Develornent of mothods of analyses for synecific ingredicnts in water 
solubles and resin ore needed. Since many of the components are stiil 
waknowi, the opportunit: for research in this a2rea is great. 


B. Laboratory Processing 
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The - > nose of studying processing on a laboratory scale was tworold. 
Piret, it wias desired to duplicate nilot plant operations on a sali scala 
sO Se incre exncrinents could be run with a smaller expenditure of labor 
and materials. Treatments which did not Look yee rere could then be sergened 
Out at the laboratory stage, whereas favorab 

te 


Berved tO the pilot plant for further invest 


eriments could be trans- 


Secondly, it was hoped that now processes and equipment could de Pereloued 
on a sm all scale before »rocecding to pilot-plant-sized experiments. Sxacples 
of this so cond. approach where laboratory work preceded pilot plant atplica- 
en, are mere sination by agitation and prevention of clumping. 


>] . : 
Pressure of other wort: prevented full realization of desired objectives, 


but a Bees bial beginning was made which is reported here. 


TE. Shruv Freparation and tftillins 


_——_— = —-—-— -__ + SS SS So eS 


Since shrub preparation and milling are interrelated unit operations, 
ob jec- 


Gxderiments were dusifucd ee their simultancous investigation. The 
tives of the work wore: (1) to study the effect of Laboratory seale crushing 
Ond milling, on yield of rubber bydrocaroen,; (2) to detemnine the uscrulncss 
Of the 6" x 12" washing mill for crushing swall quentitics of shrub; and 

(3) to detcrmine the usefulness of the l-gallon size attritor for nmillin: 
Small quantities of shrub. 


The crushing rolls have corrugations 1/1G-inch deep. The fromtrotl turns 


at a suced of 20 r.p.m. and the vack roll has a specd of 26.5 r-p.m. Roth 
rolls are filled with suéraper blades. The clearance vetween the rolls was 
Set at 0.002 inch. 
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The 1-gallon size attritor is a pebble mill with a Stationary shell end 

avertical shaft with horizont2l arms which rotate through the grinding 

medium. The equiiment used was manufactured by the Union Process Coys 

j.ron, Ohio. The tank is stainiess steel, and the grinding medium is flint 

pebbles Bee ately 5 3/8" diameter. The maximun speed of 592 r.p.m. was 

used. 


fable 11 shows some results obtained. There was a highly significant 


Table ll. Rubber Hydrocarbon Yields as a Function of Crus hing 
and filling 





bperiment Milling tine RHC Yields (g-/200 g. of ary shrub) 
(Minutes) Number of Times Crushed 
aE 3 5 7 9 ae 





eae 








1 5 3.74 14.28 24.10 29.78 

10 W504 26.14 -20723 31.87 
3 2 ome: 52.37 -25).11 (esl. 40eS1LI76 
10 BeAr Br,7418 BL. 6SiF Sr 5a 
20 33.23. 52.77 31.93 32.41 


At .01 level, least signif icant difference = 1.71 

wach value is the mean of 2 replicates nerformed one day apart. Shrub for 
ixperiment 1 was dryland va ae 593, 7 years old, harvested Sept. 25, 1951. 
shrub for experiment 2 was similer but harvested on Oct. 6, 1°51. 

Crushing was carried out on a 6" x 12" laboratory wash mill. iHlling was 
carried out in l-gallon attritor. 


difference between number of crushes, between mil ling times, and in the inter- 
ection between crushing and milling. There was some overlapping between the 
WONGXDesiments. Seven crushes and 1G minutes of milling gave the best 


Yields in the first experiment, wnercas 9 crushes and Saauinutes 2h bping was 
satisfactory in the second experiment. 


The laboratory attritor was shown to be a useful piece of equipment. The 
GTinding action is fast, and a ow minutes in the attritor is equivalent to 
Hany hours in a l-gallon size pebble mill. However, neither the attritor 

Yr Snall pevble mi) duplicate large nendle see S pw LEC: ener. the 
be-bles are much larger and the distance of fall is greater so that a mashing 
by Impact takes place as paral as grinding in the usd sense. 
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“current extraction. In one series of runs, the apparatus consisted of a6 
Mme ()22 cm. x 5.3 cm.), mounted at avout 7° fron horizontal, and ritted 
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fhe familiar Waring biendor has been found very useful for milling 
small samples Tor laboratory investigations. It has not been feasible to 
duplicate this type of action on a largss scale. The rapid mechanical actioa 
tends to degrade the rubber to some extent. ; 


LLL OT TS OTT 


Tt was shown necessary to parboil foliate shrub in water of at least 
go°c to effect leaf removal. Failure to parvoil fresh shrub for at least 5 
qinutes prior to comminution resulted in a molecular weight drop from 195,600 
to 95,500 on comminution. Parboiling whole shrub for periods of time rang- 
ing from 5S to 40 minutes had no effect on molecular weight of the extracted 
rubber. 


a 


2. Decorking : 
SS K 





A miniature pressure vessel of 300 ml. capacity was constructed. A 
hand-operated pump was attached which allowed hydraulic pressures up to 16,000 
peSei. to de reached. This device worked extresely weli, and decorking ras 
‘accomplished in a inetter of seconds. Laboratory samples of rubber were de- 


ie 
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corked by means or this equipment. 4 
é sf 

: ; Ss 
mueeberesination si 
Considerable work was carried out on deresination of guayule worms to % 


prepare a high quality rubber. Before this «ork was started there was some 
doubt as to whether high grade rubber could bs made by worm deresination. 
Previous investigators had used as a starting material rubber which haa deen 
preparce fron conditionec shrub. Usually the rubber had been dried et 
ayproxit _ 109°C into sheets before attempting deresination. Tnercfore, 
almost without e exception the rubber was in an undesirable physical form ani 
badly ira ded at the start. With the advent of lush milling and the use cf 
Wet worms it became entirely feasible to prepsre a high grade rubber by worn 





deresination. ‘ 
The laboratory work was divided into three phases, static extractions, 4 

. ° - ce « . et x 
@ynazxic extrections, and diffusion phenomena. : 
’ a 2 

« a4 

a. Static Extractions. These experiments were designed primarily to 3 


ha ait bution... : NM ae Puls heck 
determine the distribution’ of water and resin in the miscella of a counterx 


7 SS 


through ruvocr gene at cach end to a regulated withdrawal exit tube 
Meets vcttor and an inlet tube ab the top. fresn acetone or wiscalla was 
added at the top and miscclle fractions were collected at thie bottom. -The 
fractions were anzlyzcd for water, acctone, and resin content. Resin convent 
Gradually builds up in-the miscellz as the weter content decreases, Gacs 
tiroush: a maximwa and then slowly ducreases. 





gh seg acit 
Tt a? on 


j ~ AN Anneli and ¢ 
Consideraple trouble vas encountered with packing and channeling, and tne 
eost, however, that extraction or 


Ber was discontinued. The work did suge 
MISLi rs ’ 

Static beds un to about 3 or 4 inches in thickness t might be feasible. This 

WHS lator found to be the case and this work is reported under Process Rusearch 

and Development. 
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pb. Dynamic Extractions. The term: dynanic extractions was applied to 
jose cases Where solvent to rubber ratios were sufficiently high (2.5 : 1) 
opermit vigorous stirring of the system. Under these conditions it would 
F expected that the concentration of resin in the rubber and in the solvent 





wd reach an equilibriun saore rapidly than in a static systen. 


Qne series of Spa was carried out dy stirring 110 g. of moist 
‘pesinous worms in 7 liters of acetone. Gmll samples were taken at intervals 
‘and analyzed for resin content. The solvent to rubber ratio of 115 to 1 was 
‘set very high so that the system would be essentially uninfluenced by the 
‘trace Of water end resin introduced in each case. [It was found that-the rete 
of deresination was very rapid under these conditions. The deresination was 
essentially complete at 8 minutes (91 - 95% of the resin removed). After 8 
yimites, there was a slow additional deresination which appeared to follow 
Fick's diffusion law. Up to 8 mirutes, the deresination was much too rapid 
to confor to this diffusion equation. It is postulated that, because of the 
porous structure of wet woriis, most of the deresination takes place by dis- 
solving O1f absorbed resin from the surface of the rubber. It was found 

that the temperature effect was very small although deresination took place 
slightly faster at higher temperatures. Adding water or resin to the acetone 
did not affect the rate of deresination up to thse point of equilibrium but 
did markedly affect the amount of residual resin left in the rubber. ee 





9 A series of countercurrent batch extractions was carried out to determins 
l@ Dumber of stages necessary to obtain gocd extraction at a low ratio of 
<2 wet guayule worms (46.5% 


acetone. to rubber. Two kilograms of hand-squveze: 

moisture) vere stirred with 10 changes of acetone at 30°C. Hach Stan ring per— 
iod was 5 minutes and each draining ae iod was 2 minutes. The amount of ace- 
tonesfor each stage was 1625 ml. ae extraction was rsveated with more rubber, 
reusing the miscella and adding more stages of fresh acetone at tho end of the 
extraction. Additional runs vere a. in the same manner after removing from 
the system the miscella from stages 1, 1/3 of stage 2, and all of stag: 7, 


until equilibriwn was reached. Equilibrium may be defined as the point at 
which the amount of water and resin carried in with the rubber during a run is 
just balanced by the amount of water and resin removed fran the system. 

Under conditions of equilibrium a materials balance shows 2.5 g@. resin/ 
100 g. Tresin-free rubber in thé RE rubber, 9.257 resin’and 4. 255 water 
in the miscella from stage 7; 55.15% water and O. 6495 resin in the miscella 
fron stage 1, and 38.45% water and 2.82% resin in the miscella from stage 2. 
fresh acetone in the amount of 4.3 g. is needed to produce 1 gram cr deresinated 
| Prubbes Bou counting: evasoration loss. Gi this 2a 
liseella and imy be recovered by distillation, whereas l. 
by Collecting the vapors on Grying the rubber. 


pet be Sole 
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i 
3g. may be recovered 


This procedure produced a high grade rubber with Low insoluble content 
} Rabat 3.55) and a Mooney viscosity of approximately 95. Stirring loosens 
Soe of the ins Pines which pass through the 3O-mosh serecu used to separate 
ber froa miccella. Unfortunately, fine rubber, estimated at 5% of the total, 


S80 passes theough the screen. 


Other Bean: nts were tested in addition to acctone. aong these were 
, furfural, methyl alcohol, ethyl alcohol, isopropyl clcohol, and methyl ethyl 
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ketone. isone of these were as good as acetone’ because they were less effi- 
cie#t, less volatile, or because the quality of the rubber was adversely at- 
tected. hethyl ethyl ketone was interesting, ho: Vever, because water dissol-res 
in.mx to the extent of 11% only, and the azeotrope also contains 11% weter. 
pecouse of these properties, it was found possible to deresinate wet worms with 
yu azeotrope without diluting the solvent with water as is the case with 
acetone. Thus, deresination can be accoinplished with approximately half the 
amount of .&@K azeotrope as would ‘be required with acetone. A patent was 

granted on this procedure. 


A continuous extractor was constructed out of 4-inch diameter glass pipe 
fitted with a motor-driven steel scroll and inlet and outlet pipes. @& 
inclination of the anveratus was adjustable. Several runs were attempted but 
after a short time of operation, rubber would plug the scroll and stell the 
motor. The experiments were discontinued. 


-. oe etree - + oe 


‘e. Diffusion Phenomena 





The diffus ion thecry derived from Fi te law has been apnlied to the 
ceresination of guayule rudber. Under the conditions adopted for this pepe 
the diffusion coefficient varies with the solvent but is essentially indeven- 
deny Of the thickness or the rubber sheets extracted. This finding is of 
interest as it permits the direct quantitative comparison of various deresina- 
9 tion solvents at differeit temperatures 





Unfortunately, the SA theory covld not be testcd prope rly with 
“9 
10 


@iayule rudDber in the form of worms because or the considsrable dimensional 
Variations encountcred with the rubber in this condition. However, it was 
found possible to wrevare the resinous guayule in a form better adapted to 
fundamental study and thus obtain rate data applicaole to worm dercsination. 
The form chosen was thethin film obtained by eee Gr ary sean: nes ruobder 
in the interstices of stainless stecl screens. Since the slab tnickmesses of 
these thin films could be accurately detcrinined and See a ee or 


the extraction data based on the theory of diffusion became feasidie i 
Wileory Of diffusion as it applies to the extraction of resin from gue Sait rub- 
ber has been published. 


Tae results of this study are summarized in Table 12. 


5 ee 
mus acetone at 25° has a dizyfusion cocfficient Es L. DOP tes sq.em.fmin. 
bt slab thickness in excess of about 1 mi. this constant appears intependent 


ia 


‘Of thicincss iu keeging with the diffusion law. At ees thicknesses 2 
deviation traa theory exists which is discussed in detail in the published 
OMticls. ihe coefficient for acetone is shown to ave a rate or change vith 
tenperature ee ce as follows for values of T near roon tempereture: 


ct 


3) 


- Ag 
D= 2.26 x 107’ x @ f 5.3 x 10 


Sw : aise Ret } 

a The diffusion coefficients for ethyl alcohol, acetone, ard im ethyl ethyl 

Ketons are in the following approxinate ratios, respectively: 07 Cal tat) 
Bid) 2.5, 


The difiusion cocfficients found in this work were determined with thin 
Sheets of dry rubbor and, consequently, should be considered most pertinent 
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to guayule in that forn. However, present evidence indicates that these } 
findings have at least limited application to resin extraction fran rubber in 

other physical forms, such as worms. For example, it has been found that the 

solvents used in this work behave in worm deresination in a manner consi stent 

with their diffusion rates reported here. Also tenperature changes have the 

Same rather minor effect on the rate of Worm extraction as on thin sheet ex- 

tractions (a rise of nearly 50°C being required to double the rate with 

acetone}. Temperature can have a decided effect on the completeness of the 
deresination, depending on the choice of solvent, 


Table 12. Diffusion coefficients for deresination of Guayule rubber 
films with various solvents 


' Solvent Thickness Temperature D, Sq.cm/min. 
Clie =o 

_ cca ce 
Acetone | 0.185 25 teed 10) 
Acetone | 0.137 25 Toteer 10a. 
Acetone - 0.069 25 (a) 

Ethyl alcohol 0.066 Boek Fe G8tl5 ids PIG! 
tiethyl ethyl Peon Water satd. 0.066 25 (a) 

Methyl ethyl ketone | 0.066 25 3.0 x 107° 
Bthyl alcohol © 0.067 37.5 1.69 x 1078 
Metone 0.139 weisa7.25 1.44 x 10° 


(a) The method for measuring D becomes less accurate at very high or very low 


extraction rates. 


4. iiiscellaneous Chemical Treatments 
ence Se Aaa ettemn NSO eSresanannneSESUenENUEEE—aEENNED 


a. Prevention of Clumping. During the work on dcresination it was found 
that if the wet worms were allowed to stand for several hours before deresina- 
tion, clumping frequently took place which made the rubber difficult or im- 
J0ssible to extract. kxperiments were performed to sec if clumping could be 
prevented by addition of various agents. It was learned that addition of 0.5 - 
1.0 percent insoluble metallic soap on a dry rubber basis before scrub milling 
would prevent clumping for several weeks. The metallic soap did not interfere 
With the deresination in any way. Examples of metallic soaps used are zinc 
Stearato, calciun stearate, and the reaction product of stearic acid and hard ; ) 
water. A convenient method of adding zine stearate was developed which 









a * | ; 


consisted of forming a paste with Cerfak N - 100 (Houghton Chemical Co.,) 


the ratio of S ml. of 2.5 percent Cerfak N ~ 100‘solution to l-g. zine 


stearate. The »aste disperses in any quantity of water. This anti-cliumping 
method was tried out on a pilot plant scalo with success. : 


De Dispersing Resins in Milling. The knowledge that resins are separate 
from the rubvex in the guayule shrub led to extensive investigation of the 
possibility. of dispersing the resins in the milling water during the milling 
operetion instead of deresination, Numerous dispersing agents were tried and 
it was learned that many detergents and sodiun hydroxide and amronia were efie 
tive in obtaining aqueous dispersions of guayule resin. The next step was to 
apply these power sents to prevent resins beccning incorporated in the rubber 
during milling. The Waring blendor proved i1vs utility as a laboratory scale 
mill for the extraction of rubber from canminuted guayule tissue. At first, 
detergents were added to the milling water. ‘hen this failed to lower the 
resin cohtent of the extracted rubber, other means were tricd. The use of a 
pressure cooker was investigated as a pretreatment to facilitate cffective 
penetration of the detergent solutions prior to .- Waring blendor milling the 
shrub. Variables investigated included detergent concentration, pH effect 
and temperature of milling. In the.oourse of this investigation 194 separate 
determinations werce made utilizing various detergents representative of the 
three classes, cationic, anionic and nonionic with respect to each of the 
avove variables. ive sntually it became evident that the rubber hus too streng 
an affinity for resins for any detergent (at least those investigated) to 
ous dispersion of guayule resin, 
modia became a source of 
resination. Apparently the mors 

+} 


overcome. In fact ehown that an equ 


i s eS 
Wax, or cven motor oil ‘when used in the millin 
further contamination ret : par 
effective the dispersing agent he tissuc, the 
greater the oxportunity for the rebber to %take up the dispersed resins. This 
phenomenon has also been observed during the srocessi #.of guayule for latex. 
Detergents or ammonia added during milling of the tissuc had an adverse effect 
ou resin content of latex; added later, of course, they proved beneficial. 
Another approach to the problem of dercsination was based on the belie? 
that the addition of 2 relatively small quantity of a waver immiscible resin 
solvent to the milling mixturs might result in the preforential absorption 
of the resin ani prevent combination of resin sith rubber during milling. 
This Pein was the case?when oe Gee suck as amyl alcohol or tricresyl. 
phosphate were added to milling mixtures in a4 Waring blendor. Usually 10- eek. 
of the water immiscible resin solvent were added to a slurry of LOO pr]ems of 
Crushed shrub (moist basis) in approximatcLy 20C ml. of water. In somo cases, 
@ dispersing agent was xlso added to facilitare the fomiation of a gcod 
dispersion of the resin solvent. Me mixtures were sere PO MALIN oe Se Lik 
Dlcnisr. The resulting crude rubbers wore signi rre: - lover in resin content 
than the controls. I¢ was found possible to reduce the resin content by 20 
Percent or more by milliss in this manner. However, the practicubility of this 
finding is open te serious question because of tho-apparent difficultics 
involved in subsequent recovery of the resin solvent topethor with the fact that 
it wus eat found possible to offect a complete: dercsination. 


re Decoloriz Manor. GUayUule ee Crude guayule rusber has a char- 
acturistically « dark GoLer. This is ially marked in the case of resinous 
Tubbeor. Percsinated rudder 15 ecse te lighter in color before drying 
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put darkens during drying. It is known that pure rubber hydrocarbon is 
gsentially white and that the dark color of crude rubber must therefore 
be due to the presence of impurities. No satisfactory explanation can be 
given as the cause of the color of crude dercsinated guayule, but it is 


J 


or tannin-like compounds may contribute ta the color. Rubber milled out in 
glass equipment in the labcratory is usually lighter in color than rubber 
Milled in pilot plant equipuent. In the case of resinous rubber much of the 
olor may well be due to résins which in themselves are darx in color. 

Jayme action is not considercd to be a factor because shrub is always par- 
piled befors milling. 





Since it is desirable to have a Light-col ored rubber stock for manufacture 
Of cortbein products some attontion was given to the problem of lightening the 
folomeo: Gercsinetcd guazyule rubbcr. It was learned through correspondence 
With tne Rubber Rescarch Instituts of Malaya that a proccess for removal of tho 
Wyellow Color from Heovca latox had boon devoloped. This entails bleaching of 


: 


carotenoid pigments by the addition of water emulsificd xylyl mcrcapten to 

the latex. ae bisulphite was also reportcd to bo used for the prevention 

i darxcning of lctcx coagulin whero cnzjmic action is presumably involved. 

‘Both methods were C uscd simultancously in connection with the production of 

white crope pees - However, ncither xylyl morcaptan or scdium bisulphite 
Ovizing Sircct on Sp rubocr although ths trcatmcnts 

rily conductca with rubbor worms instead of 


3Sa 
oven rubbor. 





fad any noticeabls dcocol 
th these eae 8 VCore 
Mth latex as recommends df 


Berths) c ess, it wes domonstratad that treatment of dcrosinatcd rubber 
With acids such es hydrochloric, trichlorecotic, or okelic wore medcratoly : 
Ciicebive in reducing color. Rubber troated with strong acid showed poor | 
ging quelitics which makes such trcoutment inadvisable. Oxalic acid may have 


soms possibilitics but the problem was not pursucd fer enough to pormit any 
definite conclusions. 







Meee effocts of Pei ne x Trostments Boiling dercsinatcd worm rubber 
in water for 30 minutes lo: TOPoG the mo aoe scular weight from 166,500 to 144,700 
) (Steudingsr equation). With emmonia edded to tho watcr, tho M.W. dropped 
only to 158,200. The samc treatment with resinous worms lowered tho molecular 
Weleht from 166,500 to 161,000. Tn the prosence of srmonia there was no 
drop in x nolecular weight. In boiling whole shrub with or withoue anunonie pro- 
sont, no significent differonces vicrc noted, with respect to the moiccular 
wet ght of theo oxtrected rubber. Howover, rubber milicd from shrub pearboiled 
PGiMonia water yicldcd a much clocner rubber on first Plotation (ocforsa baies) 


then is ordi inarily observed. 


ee 


% Recommondation 


Ooo. tuor Puburs 2oescarch. 








‘ In factory opsration it would be-desirable to store’ shrub Curing pcriods 
pis bed weather or other fnetors provent the harvest of shrub snd its trans- 
(Station to the fuctory. ‘The problem of shrud storage noods cxtunsive 
‘avosti gation. In tho lnborctory this show.d coavist of funduacutal studics 
to determine the exeet nature of rubber deeradation during shrub storage and i) 


ia Bochanisms which bring it about. Research should thon be conducted to 
gbermine whet, if enythine, can be dono to inhidit dcgradntion reactions. 
’ ¥ t™») 
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If this investigation is succcssful, then ~poli _d renceran along the lines 
indicated should be carried out in the pilot plant. 


Further work should be done on laboratory scale milling as an aid to pilot 
plant process develoyment especially for improvement of rubber yields. This 
constitutes a difficult problem because of the fact that thus far it has not 
been possible to duplicate the milling action of pilot plant scale equinzent 
in the laboratory. The attritor offers some hove in this direction. 4A 
laboratory size etirition mill or refiner, such as. manufactured by Sprout ‘Aldron 
oe, Lec., wiiich is equipped with diff erent types of plates and a variabie 
speed drive is also suggested for experimentation. 


Hore work is required to determi the effects of cheiical additives iz 


the milling licuors. jor: ws date ae peste ec, for example, that tne addition 
Oa Chelating egent will tie up harmful metallic ions. Other chemicals may be 


found which will improve the color of the ruobsr, or which will facilitate the 
milling action. The effect of an antioxidant in the milling medium should also 
be deévermined with a view to avoiding possible degradation during milling and 


subsequent processing, 


ae + 





C. Physical Testing and Commounding Research 
ce pas eae ee 





Tne compounding and physical testing section has been concerned with the 
development of tests, test methods, and equipment which ace enable then to 
evaluate crude guayule rubber in terms of characteristics accepted in the in- 
Qustry es being indicative of quality. In addition, the group hes BPINE 
concerned with methocs having high powers of discrimination for evaluating 
Stali differences between rubbers, and with the actual evaluation of the 
rubber produced. 


4 


Mooney viscosity determinations, compounding studies, and coe -strain 
néeasurements in their various remifications were investigated and used to 


advantaze. 

A large percentage of the time was spent in evaluation for the various 
vmits of the laboratory end in control testing of vroduction batches. Detailed 
Tecords and accounts were képt of all such lots of rubber. 


l, lioney Viscosity Determination 








The information obtained with the Mooney eee ee proved to be of 


ateater value with resard to the problems o7 this laboratory than informatio: 
ay ea) These tests have the advan- 

e to make and of preducing the results within a . 

rer methods. The dicadvantages are that the 

in content, sample preparation, 
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oO 
VY 
et | 
0 
he 
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fa ay of the other physica 

tae OF dein: reiatively sinp 

) Mich shorter tise than the ot 

| Mesults arc sensitive to ucisture.content, resir 
and temperature of test, as well as to the quality oi’ the rubber itself. 

Py ebhoas have been worked out, nowever, for taking every one of those factors 

‘7 into account for the final interpretation of the results. 


a. Sample Treparation. uayule rubber has a high rate of breakdown. 
figure 1 shows vreatdown curves Yor two sunples of guayuie and oases of No. L 
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snoxed sheet (Hevea) when mill Peeened by passing the rubber throusn a 6 x 12" 
laboratory rubber mill prior to testing. because of this fact any method of 
semple preparation involving a milling procedure lowers the results appre- 
ciably and is also apt to produce erratic results. On the other hand, it was 
discovered that samples tested without milling gave excellently uniform re- 
sults corselatable with all of the above-mentioned factors except sample 
preparation. It was further discovered that samples tested as received in 
worm Term or after compressing in a cold Preco press for cone minute with 
approximately 5500 p.s.i. on a 4-inch ram gave the samo results. Noither the 
woight of the sample nor the pressure usod were found to be critical for the 
compressed samples. The usval practice was to adjust the amount of rubber and 





* 


the pressure used to produce a sheet from vi} Dee two test disks cut out with 
a 1-5/8" round die weighed between 25 and 59 grems. 


For purposes of this leboratory, the usual practico has been to use the 
compression Be od of sample preparation. This was adopted in preference to 


testing in worm form because of the greater case of handling. 


e 


& 


BD. Effect of Moisture. Tho importance of moisture content in testin 
the crude guayylo rubber had not beon fully realized until about the mi quis 
Segoe. Since that time it has bcen tho custom to oe a 25-gram specimsr 
fomemoisturs determination frem the compressed samplo described above. The 
moisture was then detcxmined by a slight modification of the method doveloped 
by Wax Tryon described clsavhere in this report. Usually the es 
Tesults Were available soon after the Mooncy viscosity results were obtained. 
Ty kes been detsrminud that the Mooney value changes ees i RELLS 
Meemerccnt Of moisture. The highor the meisture tne lower ths Mooncy vaus 


This relaticnship is illustrated by the data Sa Figure 2. 


2 








Beeeeizccet of Rosin. Tho resin 
by tho analytical ey lati On 
coitent and Liooncey v iscosity, but the validity of the corrolation may 
Open to question since no eccourt was teken of moisture. The work do 1 
Seeeo thc Mooncy valuc is chanscd about 2 units por percent resin, as shown 
im Figure 3. The moisture contents of the various samples used in this ¢ 
mont Wore probably about the sano since cach sample was treated in cxactLy 
the same manner excopt for she amount of dcrosination; but there 1 


Ase. 


progressively more moisture with higher rvsin content. Tt has been 
that rubber containing mor? resin is mors poncy as to dry. This work vas 
. donc before the importancs of moisture was roalizcd and no moisture dstermina- 
MONS Wore meade. Tho validity of the Be lt ts may therefore be in coubt. 


Va 
| Weverthcless, resin content docs affect the Mooney valuc---the higher the resin 
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Centent tho lower tho Moonsy valuc. Br 
: = 
a. Be tenpsroture Measuroments. Tom msorature is not 2 troudlesame faetor 
tA cvalunting crude puover since pe for controlling it heve vcen well worked 
Mb Sond those recommended by the manufacturer of the instrune ib oro anGqucta, 


’ + atjaanr Any rer TT? ~~ t > 
In the determination cf the curing characteristics, nowever, temperature 
tatiens mast 


vecornes cxtrenely important and corroctions for temperature varie 
3 NSually be mnie. fay 


Tae teaperature variations which occur in the National Bureau of Standards 
Weel viremaeter wore thorow:hly investipmted. It was found thut the control. 
Be the temparnbure cf ths test specimen and its measuremont in the Mooency 
Visecnetur Presents a difficult problem, which in all probability will not 
6 Solved until the nonsyminetvicul Reon ranbiucs Ob tha machine @re Ccovrociscd t 
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by a new design. [In the meantine, however, soms method of indicating the 
actual tomperature of the test spocimen as « basis for tomperaturs: control 
must be cmployed if rcliabls results aro to bo obtaincd. 

Measurement of ths temperature at spocificd points in platens, dics, or 
dic holders may bo satisfactory for control tosting, but it is not adcquate 
for obtaining comparabico temporaturos from ono machine to anothor for ttyo 
reasons: (1) the tomperature ¢radicnts from ons machine to anothor vary 
widcly both in pattcrn and dcgres; and (2) the viscosity of tho tost speci- 
mens has @ pronounced cffuct on its tomporature curve whilo thermocouples in 
tne divs ero rclatively insensitive to the offoct. 


Thormocour).cs conforming to tho dcsign specified in ASTM Mothod D1l077-4°7 
appear to be satisfactory provided cithor AST Tentative Method DlLO77-4S—P 
Or AST Ton.?i. DS27-40T, dcoponding on the test to be madc, is followed sxpli- 
eitly. There is no question about tho results obteincd with an individual ma- 
echinc. There may bc somo question as to whother or not they will properly 
indicate the tompcorature in different machincs, since this point has not bsen 
definitely dctormined ono way or the other. Tho fact that tho tomporatures 
indicated by thosc thermocouples at oquilibriim agreo well with tomporaturcs 
M@eevno insidco surfaces of tho dics and that tho rats of tompceraturc chango 
With a specimen in the machine agrees with that obtaincd by mcans of e thermo- 
Couple coiled in the specimsn, is strong cvidence that tho thermocouples may 
be cxpected to proporly indicate tomporatures in different machines. 

For precise results in making cure tests with tho Mooncy viscometer, prc- 
Ciso tomporaturo measurements are cssential, and if good reproducibility of 
the viscosity-time curve is required, accurete temporature control is just as 
important. 


Cc. Interprotation of Mooncy Valucs: In general, interpretation of the 
Mooncy value is made in the follewing manner. Theo normally expected valuc of 
he ruober is lnovn. The temperature is controlled within the neccessary 
limits, a stcndard method of somplo preparation is used, and moisture con 
is detcrmincd simultancously with the determination of the Mooney valuc. 
Thus tho Mooney valus may bo adjusted to a comion moisture lovel. Ther 


se + 
vone 


If the valuc is normal then it may be postulatcd that tho resin content i 
high or that there has beon dctorioration of the rubber during the millin 
process. Usvally a roviow of the history of the 
OF not dctcrioretion has taken placo. Thus ¢. fairly accurate cnalysis of the 
Beelivy Of 2 sample can bo readily madc. 


2. Compoundinz Rescarch. 

In the final analysis, the only knowm way of completely evaluating the 
Guslity of a rubber is from tests made on cured test specimens end on the 
final product whatever it may 
this tyve of testing, however, thet even at best the results obtaincd are not 
Qiways conclusive. when it comes to evaluating rubber with small differences 
Such as the difference between one sample of guayule rubdbor and another pra- 


duced by sone slight alteration in procedure the task bocomes almost insurmount 
& Pp 


haa 


able. Nevertheless tho sffort was mado in this laboratory and a measure of 


success was obtained. 





be. There are so many variables introduced into 
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ta this type of study thc compounding recipe is of paramount importance 

mi one Can Nover say that tho recipe which may be right for one rubber is 

qlso Tight for guayule. This is cvidencai by the many different recipes used for 
esting different synthstic rubbers. Once a formula has been sclectcd there 

0 Still many factors which affect the results: the cquipmcnt used, tho 

compound ing end curing procedures, moisture content, toemperaturo variations 

both in compounding and in curing, the ability or tho operator and the pre- 

tision of the testing techniques. 


a. Compounding Rocipe. The choice of a compounding recipo depends on 
iho purpose Tor whicn tho curcd rubbor is to be used and on the particular 
typo of rubber. In testing it is desirable to use a recipe with good discri- 
Minating powors whilso in the manufecture of rubber products it is desirablo 
40 Use one which will mask any differcnces that may exist from one batch of 
tibber to the next. A good test recipe rather than a manufacturing recipo 
mas required for the work of NREPIP. A eccnsidcrable amount of progress has 
boon made toward the sclcction of an optimum recipe but because of the pres- 
wre of other work and the limitcd staff the problem still is unrcsolved. 





Since guayule rubber hydrocarbon is indicated to be identical to that of 
Hevea it Might be cxpected that e test recipe similar to tho ACS recipes used 
for Heyea would bo suitable for guayule. This, however, has not proven to be 
Qe: caso, appercntly because of the diffcronce in the constituonts other than 
ober hydrocarbon in tho two types of rubbers. Guayule is dcfici ent in fatty 
acids even before dcrcesination. Also ee 1ces not contain protcins as found 
inthe Hoveas. On the other hand, the Hoveas do not contain the resinous 
materials found in guayvule. Some trbbrnatian is aveilable on the effects of 
Teity acids and the protcins but vory little is known about the cffects of 
the resinous materials on the curing charactcristics. 


“ 
xe 
eo 


Recipos Similar to ACS #2 have given 2 measure of success with Seas 
but sone further modification is indicated beceusc of the tendency of gueyuls 
to act like 2 stock containing secondary acccleration. That is, the cure is 
/t first doleyod end then proecuds reapi ae te cptimum cure as judged by 
tho maximum tonsile veluc. For tost purposes it appears to be the general 
opinion of rubber technologists that ePtho eure sho ould Rave eff slowly and 
Continue ovor 2 long period of ‘time. To dato this condition is most nearly 


‘Met by. the following rocipe: 





) Re ocipo A A 
100 perts by weight of rubbe 
me a " “stoaric acid Kees: 
6" 1484 " gine oxide 
BeGrote> on tt " sulphur f 
eC) st if " Scheie * . 


— | eS | 


#49 oxcopt for tho substitution of 1.0 


’ This recips is the sans cs ACS #2 
Prt Altinx for the 0.5 part 62 ptnx found in the ACS #2 recipo . Tho ACS #1 =. 
reei pg is the same as theo ACS 7 oxcc opt the ‘G Li ACS jl only Osd pe rts Stearic a’ 
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A second recipe wes used in conjunction with recipe A above to study the 
effects of variation in conccatration of compounding incrcdicnts. Its com- 
position follows: 


Rocio -B 
100 parts by weight of rubber 
4 parts by woight of stoaric acid 
parts by woight of zinc oxide 
perts cy wicight of sulphur 
parts by woight of Altax 
O ports by weight of TTD 


Meriations in stcnric ccid, zinc oxido, sulphur, Altax (benacthiazyldi- 
Biltice) Snd TTD (totrenscthyl Pees di sulfido) woroa studicd. The offect 
Of addins vrotcin in the form of Bacto Pepione to guayulo was also investi- 
Meas in goneore!, it cppecrs that 4 prtrts of stearic acid ond 6 parts of zinc 
Oxide are neer optimum. Theo sulphur covld porhsps be reduccd slightly. Fro- 
tein improvea the prorertics somowhat but was difficult to disperse. The 
Veriebility of rcsults in all cases was so great that definite conclusions 
Weporditticult to maxe. 


(1) Stenric acid variation. i ¢ 
per hundrsd rast f rwers studied in both recipes ee end B. The sccond- 
Seeeeeccicrctior tctremcthyl thiursm disulfide used in B te j 

ac im general, increasing mounts o 


se 


Veriation in stearic acid from 2 to 4 parts 








S 

t 
Mumeen Or Stearic ncid. In genex ryosuits 
Ieonecr incipiont cure times, probably slower rates of cure, hignsr cnsilc 
MEEPaSS Volucc, Lowor clongation at constant stress volues, and less ro- 
version for the longer curc mos Figuro 4, slongation 200 p.S.i. constant 


1 
times. at 
Stress vs. time of cure ct 287°F for tho B tyne rocipe clearly demonstratss 
these cheractoristics. Tre lower reversion with highor concecntration of 
Stearic acid is even mole prenowicced for the A typo recipe. It appears tact 
Deeeiss Of this fact c minimum of 4 parts stcaric-acid shovld be used in any 
2 


test recipo and it may be that even c higher concontretion would be dcSirasic. 

(2) Zinc oxide veriction. Variations in the concentration of zinc oxid 
from 1 to 8 perts worc studicd in both the A cnd B recipes. In gencral, 
results of tosts with 2 pazts of zinc oxide ~nd loss, clearly indicted 2 de- 
ficiency of zine oxide. Above 2 parts tho data were so veriable that velid 
conclusions were difficult to mako but 5 or 6 parts appear to be optimua nor 
the tyoc A recipe. 

+. ,~ r ‘. Fs ye if. 

(ec) Effect of eddcd protcin. he addition Coprascen in the form ot 

Bets Pontene dcfinitoly impro PGA Lon UO ate 
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Ved erie physical re pean iS OL FS. 


a : i we owerly 3 ek oo Pat 
indicating that tho rdditien of protein to cu.yule is a factor watcn ral. 
. r ron VR gt y) ea oc BN oss 
DG helpful in producing 2 rubber which is ee to Heve I cr ae 
7 = Aer os 4 
SPO was so vocr ond the results so vnricblo shat it is not recone! ndod At 


Whis timc. It m.y bo worth considoring for Sraeird develornont. 


Altex and Trp. Some ShudLues ICs 
HOV: VULCR) tots 
EUG CO MCOH Ul 
concontrn- 


(4) Effect of varintion in sulphur, 
MAGc vorying both the concentrations and cembinetion or th 
ne Beets tors. It may bo strated uncquivoeslly the naires 
tlOus the fester the rate of curs. As to the most cdvantrgcous 


Sions and conbinations for ~ tost recipe, insutficicont information is 
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qvailablc to permit « dcfinits decision. The best answer that can be given at 
this timc is that botn rocipe A and B «ars eurrontly being uscd. Thore is 


> 


some indication but no dcfinito date thet the sulphur boat ontration in rcocipo & 
could be rcduccd. : 


To dats indicated that greater precision both in procedures and of 
‘gguipment should be obtainsd before procecding further to determine the 
optimwa recipes. To some extent this wes roclized before the compounding stu- 
dios were started and ccrtcin in EERO Dee were mndco. Others heve sincs beon 
medo 2nd some are still to be made. A discussion of the recognized factors which 
effect the results ars given below. . 


aD. Effect 0: of eo ture on Rubber Testing. 











eJ oeTe P25 TCE Seyutiaa rostlays. © very 
important Tole in the oe nz of vuleenizcd ruopor. ee is important that tho 
wileenizing press be at 2 spccific temperature ce’ successive cures end just 
be 


2 


Q 


as importent that tho oer erature of tho mold ca 
able. For instance, bcforcs improvements were Sie in the tompcrature contro 
of the press, moasuroments of clongction st constant stress on sucecssive test 
specimons cut from tho test shost were corr clatable with relative positions 

of the specimen in the mold and with the dircetvion of eir currents ccross 

the press. 


$0! 


as Beale: as practic- 
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Tonocr eture control ves improvcé by installing = Foxboro pynolog contreller 
recorder with 2 resissance bulb sensing cloment 1 uxhaust Ling, ond 
by shiclding ths entire press with masoniv- Sorrd. ith 
Veriation was about / 0.2°F. end the temporrture fron th 

G 


- ¥ 
WI + ; Ss 
Cua SOG DG inc arouwite ce : 


x 


5 art Ro 
ct 
cc 
(a 
73 


eRe ee rae 
2, 
LC 


v voOLDS a Y LAL 


+ 


a a 4. see 
To huab OEnCeoUGoUas 
O 


C0 


t 
Or tho mold ws about ae Further improvcment is 4 
doubécdly be madc by having tho mold cavity cus into vic es I 


Tho tomporature of the rubber curing c 
a be 
vu 


tor becauss of its effect on the rate ol 
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tO control than tho temporature of the pr we | 
Buayule kes 2 more rapid rate of bvronkdown oo ei a a the more the £ 
breskdoywn the lower the modulus and tensile neces end orobebly the lowar a 
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tho resilience. Thus, it is important to cc 
as ¥ell as proacticedle during ¢ ompounding. 
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Lb Lower SCRPren teUur 
wiifermity of results nocrer. fs ¢ Poroses os es rosules 
isile) on rubbers compoundcd ot 160°R ond LeO°F was RTE Ore 
nopatures tho broaundown was lossencd vory Littac 





meee) + oS. he Meh ea toe as . 1 
@nd hisndling or the batch on the miil decaic insveasingly difficult. 
: - 7. Fs > ij OL Ss 
J The adopted procedure for controlling the faa Pature of the mill roll: . 
4 . cal weet VT 
* connoundin,, was to bring the tusaperature of the rolls slightly < See 160°% 


Shed thon running the will capty until the ean ees ture of the rolls G32 Ge to 
bitch was then compound 33 without 


60°F. No cooling water wes uscd. The 
SNCS oOgK) of the rubber testca was of 


Saeescr attcntion to the ‘a napernturc. 
AIpproxite.tely tho scene viscosity compar -hlo tornporeturcs 
to batch. 
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Mne temperature of the rubbcr at tho tinc of testing also offects the 
rosults. Unfortunstcly, there was no wry of pe te controlling or virying 
the temperature of the tcsting room. Conscquently = definite relationship 
could not be established. For preciso testing the temporsturc of the testing 
room must bc accurctcly controlled. 





ec. Effoct of Moisture Contcnt of Rubbcr. It has long been recognized 
thet the moisture content materially affects tho rate of cur of a compoundod 
rubber. Bcceuse of the lack of > precise method for moasuring moisture contont, 
however, = dcfinite relationship had not been deteriuincd. Adepteation of the 
nethod recontly ee cre by Tryon for moisture dcoterminction has crnabled this 
laboratory to dcteorminc this relationship. It has bcon found that moisturs 
contents of about 1.08. will double the rate of curs, as dctcrmincd with the 
Hooney viscomcter, over that for a moisture content of about 0.1%. This is 
illustrated in Figure 5. However, it hes becn reported clsowhore that tho 
effect of moisture on cure rato is influonced by tho pH of tho compounded 
moteriel. Elongation data at constant strcoss corrolcte roughly with the 
fooncy results. Attompts to corrclato Mooncy results with the parameters 
calouleted from thesc data failcd because of an insufficient number of cures and 
bueeeeo curcs wero not tekcn ct exactly the right timos. Tho Nctional Bureau 
Of Stendords has obtsinod oxccllont correlation betwsen Mooncy results and the 
persmoters calculated from constant stross data. Figure 6 clcarly dcmonstrates, 
however, tho cffcect of moisturc on constant strass. Also, it has an cqual 

GCinoet On the cther physical propertics. 


Undoubtcdly ono of the greatest sources of orrer in compounding studics 
rosultea from veriction in moisture contont. There eppesr to be two possible 
solutions to the problem. The idcal one would de c completely ond: precisely 
controlled ctnosphere in tho laboratory. Tho othsor would be to dotcrmine the 
offsct of moisture for : given rccipo and reduce cll vealucs to © common 
moisture lovel. kithcor ono would wadoubtedly isprove the quality of result 


obtainod. 
The results of the moisture studies arc bcing prepared for publication. 


a, __Frocedures. For reproducibility of results it is necossary to follow 
@ Specific procedure in compounding, curing, ond to a Lessor oxtent, tcsting. 
dn the intcrest of oconony the time required should bo 
but also a sufficicont tins must bo allowed to get proper mixing of the con- 
PUhding insredicnts. Rorlizing those requirements the following proccdurs 
WaS Gstablished for cll standard compounding studics: 


as short as practiecblo, 


lL. Weigh out the uetericls for m unit batch containing SCO 


grams of rubber. 


2. -Bring the mill rolls to a tompersture of 160°F cas outlined above. 


, S. Sct tho mill opening at 0.015 inch. Plsce the rubber in the 

) mill and sllow it to run for one minute. 

4. Opon the mill to 0.030 inch without removing the rubber and add 
the ingredicnts scperatcly and in tho following manner; Add the 
Sto:ric acid, vine oxide neeccloers.tors ond sulphur in that ordor. 
Spill es.ch inerodiont eredually pnd cvenly xcross the width of 
tho bandsd rubber incorporating it ss repidly 1s possiblo. 
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Figure 5 
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Mako two threo-fourth cuts one from ench side aftcr 
the nddition of cach Ae Gato tt cxcopt sulphur. After 
the addition of sulphur, make six throv-fourth cuts, 
thros from ench sids. 


5. Romovo the rubber from the rolls. Close the mill opening 
to 0.010 inch and pass the rubber through the rolls 
twice, balling the rubber cach timc. 


6. Open tho mill rolls to a setting 


of 0.090 inch end shceot 
a the rudbcr off for 2 2-hour rest po 


riod. 


Adjust the rapidity of operation so that « total tine 
of 10 minutes is recuired from the timo the rubber is 
first pleccd in the mill until it is shectcd off for 
the rest period. 


7. Following the 2-hour rest period, rcfine tho compounded 
nos t 


stock by pessing it six times through tho mill with a 
sotting of O.0l-inch end at 2 roll temperature of 160°F 
balling the rubber efter oach pass. 


8. Open ae mill rolls to 0.090~incnr. Sheet out the stock 
end lot it rest over night boforc curing. 


oO 
e 


On the day following compounding, curc the stock i . 
mold conforming to the roquircnonts ecifica in *STui 
D-1L5 for the prceverxntion of test eel 


ry 
ct 
Hy 
oa 
ie 
oO 
ke 
mp 
-2 


10. Bo sure that both ths press an c ré uy 
curing tomperaturs before placing the rubber j 
mold. Tako 2 semple for moisturs dotorminatl 
Moonoy curc characteristic at the tins a ae Vs teks 
for the test shects. Moisturc and Mooney dev ermi nations 

shoulda bo made sinultzncously with press ources. Loaa the 

curc remove the test snests 

cr immediately upon removel 

head ample opportunity to 


a 


mold quickly, snd at the ond of the 
quickly, immersing thom in cold wet 
from the mold. After tho shecots hav 
cool remove thom from the water snd 


11. On the dey following curing, J4i2 out tost specimens fron 
tho test shoets. Moasurc their thickucss, 
Receuse of tho crratic rosults cous 
is recommended that 5 tensile cna 3 
spscincns be used from cach test 5 


vse Ye) Ve > ray . 

~ ucking, Stress-strcin tosts of 
} e > cle 

rose Js holigmdiocs, clicking 

‘ 

i a 


mtb. 6. Strait 





Cc. Ravinacnt. Tuc oquirment uscd 
Pubber Wore ©. Pam Senile ni st 
machine, Scott tensile testcrs wot O. Ron « 
vestcr, 


¢ 
"4 
— 
W 


cr 


The mill used herd rolls 6 inches ia dicmoter 12 inchos lors with etides 


Bot LO} inchos avert. Tio speed of the slow roli was 24 RPM end the (riction 


ori 
meeeo wes 1.4. Tho ill. conformed to requirements of ASTM D-1LS on OHample 
Pecperetion. The press and mold wero duscribed above. 
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OE 2 Baoist 


Tho dies conformed to hoTid D-4l2 on Texrsion testing of vulcanized rubbcr 
with the additior thet specicl prccnutions were telon to adjust the.width 
end meintain tho dics in « sharp condition. 


. 


Neosat 


si 


ciara 


The specimens width was dotcrminod in the following nanner: 


Ze Mnurk onc ond of dic A the contcr B and the other ond C. 4 
“2. Dic out one dunbbdolil from tho conter of a test shoct cnd replace ¢ 
the dumbbell in the sheot. Then turn the dio 90° tothe first . ¥ 

cut cud dic out three more dumbbells in such e menner that the % 

A end of the restricted portion of the dio cuts the f end of the ik 
restrictcd portion of the first duubbcll; the B portion of the die “S 


A cuts B portion of tho first dumbbell and the C ond of the restricted 


portion of the dic cuts the © ond of the restrictcd portion of thes 
first dumbboll. Lebcl the three resulting square sections fh, B 
and C. 

@s Measure tho thicknsss of each scction in inches (t+) using tho regular 


thickness gage but without the S-ounce weight. Be suroa tho 
gego foot is exactly centered on the sauars saction. 


4. Detormino the weight in groans of oech section in air. (Ra) 


un 


9s Dotermins the weight in grems of cech section in distilled voter 
(Rv) to which a pinch of wotting agent (/.querex D) hes bson added. 
With the appxreatus availeblo tho wetting: agont is nocossary in order 
to reduco the suzfaco tonsion between tho wetor and tho suspension 
PorG. Bo -surc thore are no air bubblcs adhering to o ther the 
+ 


Specinen or to the under-wnator portion we the appara 
Babormine ell weights to the nearest r 





6. Determino the tervornture of the water and from that the corres- y 
ponding density (a) in grams/cc 4 

Sy 

7. “Calculate the wigth (W) as follows: & 
See 





W = Ro - Rv -O61L inch 
tD 


Dorivotion, of fomula 








Volwiec cf square section V = We t= Ra - Rw (Wt. of watcr displaced ) a 

D ‘ 

Tho foctor .061 is required to convert 7 to inches x 

If tho specinen width astermined in this manner differed from 0.250 Fee 

inch by mors than 0.002 inch in tho restricted portion, the dic was adjusted “ 
and . now width deateornined. a 
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xtures developed at this laboratory. 


test sheet cut with slightly nicked dies. 


ns. It was an air cylinder mounted on a freme 


SCe 
not adjustable. 


125 


Tho dios wore maintained in . sharp cordition with the aid of specicl 
It has been demonstrated in this 
aboratory that test specimens cut with perfectly sharp dies will have a 
gsile strength of about 500 p.s.i. higher than specimens from the same 


’ fhe clicking machine used was not entirely satisfactory but gave more 
iform results than if a hand mallet had been used in dieing out the speci- 
and adapted to the particular > 
Tt was unsatisfactory in that its operation was too slow and that. it was 


F z 3 ; 
The tensile tester and the strain tester were standard pieces of ceauip- 


nent, carefully calibrated and mainteined in the pr 
The tensile tester has an inherently large error wh 
quite precise which is the chief reason for using i 
tensile tester arise because of the inability of th 
‘glongation precisely, to the difficulty of di 
‘and to the inertia of the psndulum weighing system. 
has recently bcen brought cut 
‘strain testor has a precision 
tonsile strength mcasurcments 


whi 
t 
c 
sin 


Lad 


about POstimes otnet -of 


9 Conclusions and Rocormcndations 


In testing guayule in a 

a better product by improvement 
confronted with a much more difficult problcm 
laboratory in general. The precision of testing and 
immeasurably greatcr. Tho vonditiois 
the testing equipment must be the best available. 
to affect the results must be carefully weighed 
desirable to increase the kinds of tests perfor: 
emlvyed in the present program, it would be pa 
form dynanic tests which would yield informetio 
modulus, hysteresis, and heat buildup. The high 
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plus the lack of sufficient pcrsonnel prevented such studies from bcing m 


taken to date. 
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Whleh particular m 
but for Beneral 
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Cost and time consumed commensurate with 
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which would overcono this lattor fault. 


roscarch program where the problem is to produ 
on proccss, 
provails in the rubber 


must be very carefully con 
Every factor which is mown 
end evaluated. 


; nethod, not only the propertics 


ision, 


proper working condition. 
le the strain tester is 


The inaccuracies of the 
operator to measure the 


2z2 out perfect test specimens, 


A new type electronic head 
The 
the tensile tester but 


cannot be made with the strain tcster. 
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the laboratory i: 
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D. Aping and Stability of Guayule Rubber 





we * 


1. Purposs of Study 


Crude guayule rubbers, both rosinous and deresinated have relatively 
poor aging characteristics in rclation to high quality Hevoa rubbers. Tho 
poor aging characteristics of gusyulo arc generally exhibited by severe tacki- 
ness. The rubber becomes quite sticky with an accompanying loss in physical 
propertics due to molecula> breakdown. This condition has been knowm to 
take place in a relatively short time at cssentially normal storage conditions. 


It thereforcs became necessary to safeguard the rubber from such dcgreada- 
tion if a rubber of maximim cuslity were to be produced. An investigation 
was undertaken to dotcrmine what factors wore responsible for the poor aging 
Charactoristics and to find what preventive measurscs could be taken. 


@  Accelcoreted Aging 





a. Avperatus. A moans of testing had to be devised whereby tho relativo 
aging charectocristics of diffcrent rubber samples could bs studicd. An 
acceloratcd eging test bescd on volumetric oxygen-absorption measurements 
in @ specially constructca evpsretus was the means adopted. Shclton and 
Cox have shown advantages for this type of apparatus over other conventions 
equirméent for rudber-aging studies. 


Tho volumétric oxygen-absorption apparatus used was similar to the ons 
described by Shelton and ‘inn. anes consisted essentially of e cylindrical 
aluminum block drilled with 2 numbér of cavitics for insertion of ‘test tubc- 
like containcrs which held tho rubbcr test specimens. The metal block sorvced 
OS & constant tonporaturc bain to maintain any dcsirod temperature for “cccl— 
Grated aging of the rubber. Tho test specimen containcrs wore conn ected to 


amnometric systom filled with oxygen and meintaincd at or noar atmospheric 
pressure, 


that test spocimo s of crude rubber 


b. Soammle Preparation. It was found = 
could readily be prepared with the 
ors 


Suitadlo for oxygen absorption moasurements 
eid of en cluninum mold and a vulcanizing press. The mold co sistcd of threo 
pieces, ench 12 inchcs so ae cut from 20-grge shoct sluminum. Onc ee ned 
®a 8-inch squnro opening which constituted the mold cavity whon praced betweon 


a 





the other two pices. Co toly 35 grams of crude rubber wore plrcsa 
in the cavity, and the mold wes held in « leboratory stear—vulernizing press 
for 10 minutes ct 287"F. (142°C.). This mcthod produced ec south sheot of 


Wiform thiciuicss, approximating 0. 040 inch. in Such cx ah ie whores test 


yn A 
Specimnons having « thickness in tho range of 0.010 to 0.C20 ine wore desired 


eon 
it wos found that tho rubb shost pout be more ensily preps roa without wse 
OF the press. In this case « S-eram somple of rubbor was passed twice through 
Closcly set rolls of 2 4 x 9 inch Leboratory compounding mill. Duplicate 


. & Le a Pad > OFC 
best soccinens wore cut fre: cech rubber shevt with the cid or & 1.29 x 


it~ 2 
$.25 inch template, and weighed. 


Antioxidants used in thes» investigations were nillecd into the rubbor 


OM compounding rolls immedi .tcly before the pres sing or shocting, step. Milling 
cppsront efrect on the rate 
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ad 


4ia the Stmc manner es ca c vulcznizetc. As oxidation proceeds, the 


orption moasurcments. 


Because of these difficulties a method of sample support was devised 


eh was Suitable for the aging of crude rubber specimens. This mothod consists 


placing the rubber test specimen between the folds of a steinloss steel 
cing in a verticel position in tho oxygon-absorption unit. The sereon 


yalope SUpports the somplo during the aging period and no flow of rubber 
curs Until late in the autocatalytic stage of oxidation. 


ibs film method of sample preparation described by Clazcr end coworkers; 










ppoars tO presont a minimum of opportunity for oxidation to take place 
Mero ths sample is placcd under test. 


Mumenonspecial tcchniques of scrmple proparction are required. [t is 


a 
OF neceBsary to uso 2 solvent with tho acccnpanying difficulties of dissolving 


. 


ho rubber, followed by casting and drying a filn. 


Memerestine Sompercture. A testing temperaturo of 70°C. was used Sor 
esc ne 


Peciniens Containing no antioxidants end a tempernturo of 100°C. was uscd 


Pecineis containing antioxidants. It does not appear advisible to test spoci- 


eis st 2 higher teripcrature than 100°C. as the volatility of sae antioxidants 
dove this temperature may cause errors in the test. 


qd. Testing Procedure. Volumctric readings cn the oxygen absorption 


MPSPAtUS Were mcdc pcricdicelly to dctcormino the rate of oxygen up-take and 
Mmulative amount of oxygen eosarbded by cach specimon. ho frequoncy of roading 
Hs BOverncd by the stago of oxidction. Readings were made, for example at & to 
le MP invorvals in tho initial veriod when oxygen absorption was slow. 
ps mic roadings wore taken ct 2 to 3 hour intervals as the autoeatylic 
Song : 


mI 
"Ey? d 


COT3c ayparcnt. 


the crude rubbor tost specimens were generally cllowcd to remain undor 


wwe 


saa xr, hed been 


ar it 


Wsophe- is : 1 4 on jt are 
MePed that <11 vubber-lilo properties appear to du dustroyed ond it wes 


“ s : 
si COMIGSreda wortuehilc to continu. the test further. 
‘a! this point was therefore selected as 


é werSdation of differently treated test specimens. However, Specimens 
MIC yes eee afoot ata st ey marta 

ae were protected by souc of the more offcctive antioxidants failed to 
MOG 





i meene percent of oxyeon within < reasonable period Of titm. In-such 
tances the 
a 
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crude rubber test specimens cnnnot be suspendcd in theo oxygen-absorption 
dg rubber spscimcn fcils to support its own woight and falls to tho botton 


the absorption unit forming e thicker seomplc. Tho change in thickness of 
o specimen cnuscs diffusion limitations which give risc to crrors in oxygeu- 


eon envelope, ticing firmly in placc with steinless steol wire and thon 


Thoso techniques appear to have the follewing advantages over the test 


I. In ovalueting the cffects of antioxidants, tho content of an added 
mioxidant is bclicvod to be moro precisely known, since tho antioxidant is 
ied Girsctly into the sample which is to be tested. Also, the proccdure 


r 
Netcricration is s9 prenounced at the lovcl of one percent oxygen 


‘The timy requirod to 
the besis for comparing tho ratc 


~_- 
XY 
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Bifect of Processing Treatuents ou Aging 


®. Resin Removal. One of the nost cffective processing steps’ for 
inproving iic Aging of crucds suayul? ruhbder is tho removal of resins by acc- 
fone extraction. Crude resinous guayule rubber normelly centains 20 - 25 
percent of resins which can be removed to a mininwi of about 1 to 1.5 percent 
by acetone me Tnese resins apparently contain deleterious substances, 
hscause When thoy aro removed from the rubber an improveriont in aging is 


noted. 


+ ay 


Froa the rosults of aging tests made on oe spocim ens containing 
differcnt amounts of rcsins, it eapocars that th ro rosin that can bo ae 
removed tho bettcor is the ezing. However, the ane in aging is not ee 
diroetly provortional-to shes amount of resin removed. Tne first firty ‘ 
gorceut romoved hes less effect on improved ckarectoristies then do the ; 
ast fitty percont. The erifoct of progressive dcrosination on oxygen adsoro- ‘ 
tion is illustratcd in Figure 7. . 
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rosence of a chelating agent (sodium salt cf 
) in the milling liquid when gueyuls rubber 
significantly improves ths aging of tha’ rvcber. 
the sec ee of deleterious metallic ions or 
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C. Stecric Acid. Tt has voen found that theo: addition of one percent 
Stearic acid to ee rubber sofore the scrub rilling operation is an erfec- 
tive means for syontinge enzlomeration of the raw robber ‘“yorms." Stearic 


acid also appcars to ve ee in improving the aging of deresinatcd suayulo 


Meeor. Asings tests ner red on rubber with and without stonric acid treav= 
hent show o superiority ubbur treated with the stoaric ccd. ins 
oe acid is bclicved a film about the rubber “vorns" 


whieh thus shiclds then agesiz 
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st air oxidation. 


One of the processing treatiicnts performed toward 
“ater eins $he milling of resinous trod 
aticets wore perf orucd using trichlor- & 
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Consifer2s2 s ccler imyravenent was ater. 
Memos 22 2 40 percent poduetion in the metal cont ont OlmetOert OD Css allOrrON su 
tho hydvochlowie neid trented rubber nnd very poor caging CHhereCTGEHP StI CS. 
Bee eydrochloric ccid apper: ently ‘attached itsel? to some of the double bods 
in the rubber for: TAL rye QVC Ulls stnble compou: id. 
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OXYGEN ABSORBED ml./gm. 
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containers. The rubbor produced in the opcn container had very poor aging 
characteristics. The apparent reason for this is that the air whipped Bute 
tho oper. containcr startca an oxidation chain reaction which consoquontly Lad 
to poor aging characteristics. Observation of this phonomenon wes limited to 
japorasory milling svudics. 


“4. Antioxidant Effects. Crude guayule rubbers, both the resinous an 
deresinated, 40 not ago as woll as does high quality plantation crudo rubber. 
Momovtain cOmparcdle aging qualities, it becomes neccessary to add an antioxi- 
dant to the guayule rubber. Accordingly, a study was launched to detemzino 
the most cffcctive antioxidant for crude guayvle rubber. 


a. Effect on Derosinatcd Rubbor. Verious cheical antioxidants wore 
Mea into crvds dcrésinstcd sucyule at a ons percont concentration and thor 
festea in the agins apvaratus. Milling or mastication or the ruobor docs not 
appear to affuct tic rate of oxygen-absorption. Among some 26 chemical an 
G@emeius tcestcd, Bota Coniderdrol, a by-product of the pulp and panor industry, 
Waeepound to bs the most cffcective. This same cntioxidant was found to be ths 
nost effective on GR-S omies anong those tested at the Government testing 


laboratories at Axron, Ohio 


fipha Conidendrol was the secord most effoctive antioxidant, Oxynone 
(24 diominodiphenylenine) the third and Agcrite White (Di-beta Naphthyl-para- 
Meyeeno Gicziine) the fourth. Bocausse of its negligible cffecet on the rate 
Opeurc, the antioxidant Agorite Whites was judged the best all-round antioxi- 
@agband tres ssloctced to be incornorated in the rubber produced at this Station 


Popeeeaustric!? ocveluction. 


Phcnolic typos sntioxidents also appear to bs cf 
(Mido dcrosinatod eunyule ruober. The antioxidant ph 
Pomerly Usca cs on antioxidant on doresinevod Re sas found to 7 thea 
CiPlitecnth most offcctive caong ths 26 antioxidants tested. The antio:; cidznts 
Were svaluatod on tho basis of the time required for the rubber to absorb 


one porcont oxygen. 


b. Effoct on Resinous Rubber. Beta and fl sha Conidendrol were 


z 
found to bo tic most orice Vo nutiovidants on crude resinous guayule rubber. 
However, tho best antioxidants for doresinatod rubber are not always le, 








best eratioxidants fer resinous guxyule rubber. For oxample phonyl—beta-napthyl - 
See just 2 Tir antioxidant on dicrosinatec mu aie is @ very good anti iozident 
for rusinous rubbcr.: The reverse is true cf? the antioxidant, Agerite Whitc. 


Cc. TOStS. Oeste 
MeMbe Vusber containins, tic verious antioxidants 
Meee Ticss tests wers co:ductcd in the ace Tight Shas averegoqts 
Mtoe or 70°C. and £5 ploresnt relative TMty. Duc co tlic. Tariinst. on 
Memes project, it was not ccssible to wont te tgse tests. However, at vite 
Gnd of 14 nonths no visible dotcurioration could be found in any of te derssin- 
Sted sonplcs includins ths control which containcd no antioxidant. For wlic 
Mesinous rubber saaples, th: control sanpls conteining no antioxidant shoved 
S02 detcriorstion. This fact again points to the superiority cr dtrosinetod 


Mper in arsine charenctcurictics. 
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M.- secplos or crude dtresinated and resinous 
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d. Oven Aging Tests. Dervssinated crude rubbor specimens containing one 


Rtn 4-8 es fea . * 
percent of the antioxid«nts Bots Conidendrol, Agcritc Whitc, PBNA, ond - con- 


trol containing no antioxidcnt wore submitted to oven aging tests. Mooney vis- 


cosity readings were detcriiined on thesc somples aftor 0, 4, 8 and 24 hours 
in @ Circulating cir oven at 100°C. The antioxidants wore cvaluated by this 


tost as follows: (1) Ageoritsc Whito, (2) Beta Conidendrol, (S) PANA, (4) Con- 


trol. Theso rosults show vcry good correlation with tho oxygen-absorption 
results. 


©. influence of Sunlight. .Some antioxidants accclcorate the degradation 
of cruds dcresina ted guayule rubber when the rubber is exposed to sunlight. 
fie Chief offendcr in this regard is the antioxidant PBNA. Rubber containing 
fis envioxicent whon cxposcd to sunlight agos more rapidly than the control 
scuple contcining no antioxidant. This typo of cging is manifested by tacki- 


ness and discoloration. Rudder containing the antioxidant Agerite White 
widergoes minimum dcgradation when exposed to sunlight. 








f. fooncy Viscosity ioasursments. The Mooncy Viscosity of crude guayule 
rubber appears to be ctfected by the eddition of ccrtcin entioxidants. The 
antioxiaanvs arc usually adced to the raw ee, by means of an acctone solu- 
tion at the ond of the dcresination process. Theo addition of the antioxidant 

° h 
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ec 
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Weeeeddi tion or the an 


a 

16 Mooney Viscosity ne the erude rubber 2 - 3 units. 
ts Agerite White or Beta Conidendrol however, 
- 


Taiss the Nconcy Viscosity of the eee rubber l - is nitse The action ae 
Pe, im loworinzg the viscosity is probably that of a plasticizer but may be 
due to inferior protection during es a 


yule rubbsr doos not age 


Be Gueyulo vs. Heaven. Cruds deresinatcc 
uc Win acrily to the lack of 











Meee Gs Sich quality rsovea Pipi one. Nise s 


oe-n Fe 5 
pe 


See 
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naturai occurring antioxidants in tho guayule. However, when a cnc enicel ata 
D 


% 
ae such cs Agerite White is addcd at a one pcoreent concontration to ths 
Seyle, it shows aging characteristics suporior to row Hevea rubbers. These 
A onchivs ero illustrated by the oxygen absorption curves of Figure 8. 


If tho ncturel occurring entioxidant of tho crude Hevea rubber 1s removed 
4 
u 


ee si ue 
by acctone extraction, se he guayule and tho Hovca have very sinilar aging 
Meetcristics. This neatn indicatcs that tho primary difference in aging 
between the crude guayule and cruic Hever 1s aus. to the presence of naturel 
Meurring sntioxidants in the Eoven. It dous not apvonr likcly that the 


Meeoronco in acing cheractcristics is duc to the presences of a greater ciscunt 


vUuad 


0f deletorious mtcrinls in the deresinated guayule. 
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5 } = ™ note . ae ey 
Bee DiSCussio: and Rucomascndations 
= mt - “0 . a a 7 V Tr a 
2. Deresinetcd Pubber. Crude guayule and crude Heyes zuDe ars have di f= 


a a cr a ener a 


Mens Totes of oxidation, but show 2 rorked similarity in ths 
OXysen-absorption curves. Jt thercfore seems lixely that the mechanic 

in the oxidztion of tho two rubbers must also bse similcr. Ox yeon-cbsorption 
Curves of the two rubbers show a characteristic constant rate stag. followed 
by s rapid autceatalytie stage. In addition, voth rubbers on cat wnation 


slopes of theiz 


thy 
attor reaching is nutocateiytic stuge, show much tackiness indiecting chain 
Missicn. This is in conteast to the oxidation of synthetic GR-8 whieh shows 


& hard sing or ere cross-linking of tho rubber ‘olecule in the labo 
tion strro, 
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COMPARISON OF OXYGEN ABSORPTION RATES 
OF CRUDE GUAYULE RUBBERS WITH. CRUDE HEVEA RUBBERS 
APOC 2G e loOsnm, 
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A-CRUDE DERESINATED GUAYULE 

B-CRUDE PALE CREPE 

C~- CRUDE NO.1 SMOKED SHEE 

D- CRUDE DERESINATED GUAYULE 
CONTAINING 1% AGERITE WHITE 
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hectone oxtractcd crude guayule end cruds Hovon rubber besides 
elso have practically identical rates of 

runovel of the natursl occurrin 
of oxidztion. 
Hovea end crude gunyule indicats 


similar oxygon-absorption slopes, 
fora 1S Dolicv.d to vv duc to tha 
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time Ggucyulec docs not coitain cny more deleterious iaterials which would in- 


fluence oxidation than does the Hevea. 
guayule appears to be chiefly due to its lack of natural occurring 
Terefcre to achieve comparable aging between crude a 
necessary to add a chemical antioxidant to the geuayul 
Si ary shows superior aging characteristics 
it remains to be determined whet: 
Tite White or some obher antioxidant will provide ade- 
olonged period of time undcr various conditions of 
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One likely experiment toward determining the mechanism involved in the 
oxidation of resinous rubver would be the addition of linoleic acid by itsel? 
49 raw deresinated guayule rubber. By following peroxide build-up and also the 
rate of oxidation as influenced by linolenic acid, results of significant value 
could possibly be achieved. 


B. Resin Characterization 


1. General Description. 
SS eS 


The quantity and composition of the acetone extractives vary depending 
on whether the source is comminuted shrub or resinous worms. AER EOE 
twice as much resin obtains from the first source as compared with the second; 
however, current deresination practice favors worm deresinaticn because or 
various opcratiouel advantages. Accordingly, a stud: of the composition of 
resin dcrived from the latter source has reccived particular emphasis, pri- 
marily fro the standpoint of quality improvement of the rubber but also 
with a viow toward possible byproduct application. 


‘A detailed account of this work presumes 4 knowledge of several terms 
coined here for specific use with these materials... Acetone extractives or 
defoliated coxminuted shrub will be referred to hereafter in this report as 
"Shrub resin"; cxtrectives from resinous rubber, ordinarily in the form or 
Worms will be tormed Ywrorm resin." The readily emulsifiable acctone-soluble 
substances, tresont in low concentration in the aqucous cfrluents of tho 
pebble milling process,will be termed "effluent resin." 


&. Shrvbd Rosin. Snrub resin, os ssentiaily a total soxtractive, is a grocn- 
ish blacx, ack, semi-solid mass of complex composition. Heavier than water in 
\ ie 
gk do 


density, it is not completely soluble in my or the solvents tried although 
appronches complete solubility in acetone, 05% ethanol or dioxane. Moreover, 
it Can be partitioned by means of solvents such aS vetrole:wm ether or alcohol 
into vericus ctions differing widely in chysical and chemical properties. 
Judging from eco onification number and molecular weight devermination {cryo- 
scopic in benzene or dioxane) rather high molecular weight (500-10C0) unsatu- 
aved esters comprise at least half of the snrub resin. The most interesting 
fraction readily obtainable from shrub resin by solvent fre eae tions is a hex- 
ané insoluble, alcohol-solubie Nchellac-like" gum resin This substance can be 
easily polymerized to a heat resistant clear coe ting of Tae salvent resistance. 
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the other hand, is not a total extractive 


b More nesin. . iors 
nz most of the soly1iso- 


: #51n,, On 
he non-polar. constituents includi 


Wcun-resins", including most of the aforementioned 
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PreMoids., The more polar 
a with the bagasse by virtue of a greuter affinity 
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ishellac-like" fractioa, remain 

for wood rather than for rubber. The virtual absence of this fraction inparts 


@ decidedly fluid emiracter to the worm resin hich ut room temocrature or 
slightly above (30 to 4 10°C) can 5 handled readily as a viscous sope Sn 
high refractive index of worm resin (579 1. 50: stoms more from unsaturation 
than aromaticity (cinmuzic acid being the only aromatic compound knoym to be 
Present). worm resin is completely soluble in diethyl ether and dioxane; 
Margcly solubls ( ~>.-903 ) in benzene, chloroform, car bon tetrachloride or 
Lestene; moderately soluble (906) in pontane or hexane; and less soluble (50;) 
: nol or 9535 ethanol. Userul solvent rractionations have attended the 
ellyselye A) particularly 
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Me process whereby worm resin is obtained has been duscribed in detail 

»the section on dercsination. ‘Wet rcsiuous worms containing 20 to 25% of 

sin (\iFB) on coun pe TOUTES nt extraction with 95% aecstone yieldcd aM oe attested 

ws having 1 to 5% of residual resin and an mene ns-water miscclla containing 
hot 6 to 5S of resin and SO to 40% of water, depending on operating conditions. 
residue aftcr distillation is a grecnish-black viscous oil which, after 

ereral pours standing, floats on the accompanying water cnulsion. The emul- 

jon (6 in resin) can be broken by acidification with dilutes mineral acids 

o yield Seresin traction keavicr than water. This fraction has not received 

“y soparate inve estigea tion. 


The composition of the efflucnt, including the offlucnt resin, has not 
meeuojocts Of Current studies. However, the work of carlicr investigators 
pry, Slattcry, Walter, Murray) coupled with our own more recent observa- 

ms justify making cartain speculations concerning composition of the offluen 
lids, Among the water-solubles arc the inulin-eand pentosan-hydrolytic 
igosaccarides, also betaine and perhaps other amino acids, plus a varicty 
inorganic salts. In addition to these classes, there iS, some rubber hydro- 
bmamea Low state of agarcgation, possibly of low-molcculer-wveight rangs. 
ors must also be a fair portion of cacetone-solubles prescnt, on the basis of 
iscropancy of resin ratcrial balance for the overa 111 process. ks: presence, 
ivemeas only intorred; it has not been conclusively dimonstrated; nor is any- 
ig known conceruins its composition. 
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b Composition of ‘Jorm Resin. 





Worm resin is the most convenicntly dspbeble byproduct of current gueyule 
Mbemeppocessing operations. Its physical characteristics make it a re lativoly 
ractabl ratural product on which to conduct fundanenta ess. Therefore, 
thas besn the "picce-de-resistance” of guayvle resin investigations over the 


cars, 


Gee) The volatile cssential oil fraction has boon found, dy moans of 

Siem distillation, %o constitute about 3 to 5 of the worm resin. Its compo- 
sition probably Pranks cls closcly that reportsd for guayule essential oil 

{seen Me riiiation of fresh plants) by Haagen-Smit aad Siu, who showed 
alpha-pincne, 603; dipenteuc, %; cadincne, 8%; end smaller percentages of 
Susqui-, di-, tri-, ond oe tervonaccous hydroearbvons and ale ohols. No fur- 
ther work hes eon. done on the guayule volatile oil in the present progran. 














o 
. | Tas non-volatile portion (95 ts 92355) of the worm rosin has been 
SMWEGd Hers, particularly wish attention dir_ctzd toward the identifiention 
WeMeeest the classification of the pri as a One type of 
tssifiention based on solubility differonecs in curtain of the common sol- 
venta, ¢ a has not oaly dcmon- 


oa ee Sees, P-troliun cther, methanol , ea e 
Ke J the conplexity of worm resin but has oftun provided means for achicving 
Qo” somarations. 


(1) Parthenyl cinnemite. For cxsmolc, workers here have shown that li- 
Widligus do cxtra nection oF coher molic resin Sol whe ons with petroleum other gives 
Nes to 2 Petrolcun cthur. phase cnriched preferentially with parthenyl cinnemate 
MM: whieh parthenyl cinnwnate car be effective sly recovered via alcohol 
Crys tallicati on. 
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(2) Partheniol itself has been shown to be present in shrub resin and 
worm resin tO the extent of at least 2.0% and 2.5% respectively. Fresumably, 
it is ail esterified with cinnamic acid although this point awaits verifica-— 
tion, Since the partheniol yield was determined by steam distillation of the 
saponified non-volatile fraction. Partheniol, while not a major constituent, 
is an interesting one for several reasons. Rather easily isolated via either 
the liquid-liquid extraction of the cinnamate or the steam distillation of 


the unsaponifiables, it is a member of that class of terpenes known as 
sesqui-terosne tertiary alcohols. Its unique structure was proved in 1943 by 


Haagen-Snit ard Fong. Apparently indigenous only to.guayule, partheniol as a 
Novel organic compound potentially useful as an intermediate in syntheses has 
one notable structural defect. Its stability is not too good. <A type of 
decomposition probably involving the gradual splitting out of water to form 
parthenens occurs on lengthy storage even at low tempcratures. Such behavicr 
has been reported for othsr sesqui-terpene tertiary alcohols such as cedrol 

and lcdol. If storage of partheniol is cver contemplated, it could be kept 
indefinitely as the stable cinnamate; other esters may worl: as woll if they 

ean be prepared. As the free alcohol it will keep reasonably well in a refri- 
porator. fFocrystallization from hexane in the presence of charcoal will greatly 
improve the purity of aged partheniol. 


(5S) "Dihydroxy-diternsne.” From the non~saponifiable fraction another 
solid terponaccous compound has been isolated recontly. This compound occurs 


in the crude partheniol fraction from which it can be isolated: (a) by chroma~ 
tography cf hcxans solutions om alumina columns (slower moving than partheniol) 
or (b) recrystallization from aguoous alcohol or nitromethane. Semples obtainsd 
and purificd by a combination of these méthods nave yicldcd white platelots, 
Mepe 142-145°C. The designation "dihydroxy-diterpenc" is tontativse and is 

used mainly to identify the unknovn rather then to describe it. However, 

the Gxpcrimcntally dotermincd molecular weight of 310 docs closcly fit the 
indieated class. Tho compound differs further from parthcniol in other imbor- 
tent particulars: (s) gives = purple color changing slowly to dcop green 1n 

the Lioberman-Burkhard test, whereas partheniol fails to undergo any color 
change; (b) fails to decolorize aqueous potassium permanganate at room temberea- 
turs while carthoniol readily oxidizes under these conditions; (c) e@encrally 
crystallizes from solutions in the form of platclets whorcas partheniol comes 
down in fluffy nsedlcs. In addition to these obscrvations, the unknown feilad 
to form < bisulfite addition complex (not a mothyl ketone or dions) but did 

take up considerable broiwine from carbon tetrachloride solution, aparently by 
additio:., to yicld = non-crystalline bromide. ElLomniary onelysis shovld os 
Obtained or. this compound. Ultimate proof of structure might prove to bos 
Methcr challenging problox, wus judging from the quantity oF this) Vax berperst 
MiPits casc of isolation in relatively purc form fron eipoim £4.o0 Tory esis 
such © study should be given considcration in any Tuture progran. 

(4) Cinnamice scid oceurs in resin as tho ester of partheniol from which 
it can be easily obtainsd by saponification. {t has alrondy been indicated 
(Seo section on parthenyl cinneasets) now the parthonyl cinnanate.can be 
isolated from the resin by moans of partition with suitable solvents. The 
Mid may also be isolated from worm rosin saponifiables. Its solubility ia 
hot tater hus boon uscd here es a means of cxtracting the cinnamic acid from 
ths saponifiables. Alexander in 1911 reported the isolntion of an acid melting 


46 119° which ho thought belomzed to the cinnemic serics. Later, Yaltor also 
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isolcted cinnamic acid which aftor purification wes reportcd to melt at 133° 
(the litcrature valuc for trans-cinnamic acid). In tho course of thc current 
studics, the cinnamic acid isolatcd has invariably had m.p. 119° oven aftor 
extensive purification. Despite the anomolous molting point, this guayulc- 
dcrived cinnemic acid appears to bs chromatographicd ly indistinguishable from 
known samples having m.p. 135°. The comparisons were handled by micro technique 
on Whatman No. 1 paper; developing solvent was prepared according to Fowster 
and Hall; bromphenol olue was used for chromogenic spray. Cinnamic acid 
showed Rep values of 0.48-0.50 which checked well with Fewster and Hall. No 
evidence of cis-isomer was obtained by this partition, hence the low melting 
ent of guayule trans-cinnamic acid remains inexplicable at present. 


ce. The fatty acid fraction constitutes a large (40 to 45%) and conse- 
quently important portion of the worm resin. The isolation and identification 
of its constituents has been accomplished recently here. The following 
fatty acids have now been isolated and shown to constitute approximately the 
-indicated percentages of the worm resin: alpha-linoleic, 37%; palmitic, 4%; 
mecoTic 1.6%; linolenic, 0.5%; oleic, trace indicated. 


In general, the procedure for obtaining these acids involves saponifying 
the resin with an alkaline reagent (aqueous caustic soda is suitable). Fra 
the saponification reaction product, non-saponified substances are extracted 
with an organic solvent (ether). The remainder of the saponification reaction 
product is neutralized with a mineral acid to precipitate the crude fatty 
acids. The lattcr are then washed with hot water to remove cinnamic acid and 
ether water-soluble impurities. Dark colored impurities are removed by 
dissolving the crude material in pentane (Skellysolve A) and treating the 
solution with active carbon. This step may be repeated with other solvents 
Such as methanol or acetone to remove colorless non-acidic impurities. The 
purified fatty acids can then be separated into saturated and unsaturated 
fractions. This is accomplished preferably by fractional crystallization 
Which involves dissolving the fatty acids in an organic solvent such as 
acetone or hexane and then reducing the temperature of the sclution in 
Stages. Thc saturated acids are less soluble than the unsaturated acids 
and crystallize out before the latter. Thus the palmitic and stearic acids 
Crystallize in the form of a eutectic mixture containing 72.5 mole percent 
of palmitic and 27.5 mole percent stearic acid. Tho linoleic acid crystal- 
lizes out essentially as such with small percentages of olcic and linolenic 
acid as contaminants. The presence of a trace of oleic acid has been 
inferred from inspection of the physical constants and clementary analysis of 
the linoleic fraction. Evidence for the presence of linolenic acid will be 
discussed in a later papagraph. 


Final purification of the unsaturated acid fraction was accomplished by 
cooling the solution, from which the saturated acids had been precipitated, 
Succossively to -55° and -75°C. The precipitates obtained in this way were 
combined and recrystallized from acetone and then from hexmne (10% solutions) 
&t -60°C. The date obtained on the purified linoleic acid have been summarizod 
in table 13. 
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Mblo 13. Identification of Alpha-Linolcic ‘Acid in Guavule Resin 


| Property Alpha-Linolcic | Gueyule Unsaturated Acid 
. Acid ; 
| yelting point, °C. ~6.5 -8.5 
| Gcarbon 27.09 76.5 
| 6 hydrogen 11.50 Lhe 
Densi ty a2 0.9025 ai? 0.9036 
| Index of refraction Td 1.4699 nee 1.4704 
| Hol. Wt. (Neut. equiv.) 280.4 281 
| i 181 | 175 


| Todine No. (Hanus) 


| Tetrabromide 


Helting point, °C. 115.5 


93.27 


% 
% Bromine 


su 


Fydrogenation stearic acid stcari¢c aci 
The tetrabromids, prepared according to jiarkloy yielded on repentcd 

) roerystallization from benzene, a small portion of a ‘Less soluble hoxabromias 
| (62.5% Br.) of m.p. 143-184°, The melting point of hoxebdromostearic acid has 
| been reperted as 185.5-186". This points to the presence of about 1.4% of 
| linolenic acid in the linoleic acid fraction. 


The evidences for the identification o 


| selmi 
in the saturated acid frection of guayule resin is sin ale in mable Ar 


® 
Table 14. Identification of a 72.5:27.5 Mole Percent Eutectic of 
oavie Acids in Wao pa Resin 


Palmitic and St 








freperty mntsoctic Cuayule Saturated Acid 
Belting point, °C. 59 54 - 54.5 
5 Carbon Meteo PES potas 
y % Hydrogen 12.635 12.7% 
1 Pol. Wt. (MNcut. Equiv.) 26-461 269 
Iedine No. (Hanus) 0.0 Wed 
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Attempts to resolve the cutectic by papcr partition chromatorra »vhy 

wo ongerndered somo promisc. Hncoureging results were obtained by employing 
»goconding micro-technique with 80% aquecus acetone as mobile solvent on 
nireated Jantman No. 1 paper with 1% aqueous potassium permanganate for 
yploper. The usc of a stcarato chromic chlorido or a methyltrichlorosilare 
meted paper offered doubtful improvement and increased the difficulty of 
beiming 2 satisfactory stain. In no case was complete separation of these 
moecias realized. However, with cach of the cluving solvents testcd 

melding 80% ea usous acctone, 90%3 aqucous methanol, and n-butanol saturated 
ith aumonia-cmmonium cerbona to buffer solution, the ere was a pronounced . 

é a ae Or pattern between the known fatty acid cutoctic and that isolated 
‘y mule rosin. This ee of chronnt graphic behavior sorves to 
Ci the other data supporting the identificatic 


Other Components. P 













@ Wax. The occurrence of a "“wax-like substance" on the 
Seeetirsy reports: by tlalter. This waxy f tal 
patraction or the conmminuted leaves and flover 
eos Of the lush foliage, or about 3 to 4% of 
farts, It was elso onotainable in lower yields fron acetcne extracts “of the 
mole shrub and from the resinous rubber. He resorted the following proper- 
Menor the recrystallized wax: 60.18% carbon; 15.257, hydrogen; saponifica- 
M number 74.4; molecular weight (Rast) 597; melting point 76°C. 


foliage of sguay- 
: red by acetone 
tems wa “constitt ited some 

vhne acetone extractive of thos 


y 


tional investigetions have been made of this substance which 
cedure Tor estimating 
a 


: o 

S to be a cuticle wax. A solvent extract 

ity or ies wax in various anatomical part Shrub was dcvelors 
Ss at guayule wax occurs almost 

above bee Crown and in the actively growing part 

probabl:; tects theso tissues from cxcessive 4 

oistur Wax was elso found in resinous guayuie ruober 


f at lea 


nydration during periods of 
h 


Hiis difficult to ascribe a definite set o 
#4, Since its solubility behavior sugsests a mix 
hoxever, One fraction of limite solubility (from leaves 
stalli zation three times cach from benzene and acetone, 
Ostwald pyenometor) and 4°" 0.963 (by weight oie 
Yolums). This sano Bian tee frection had the 7 
POWBILIti os Bo°G.. ucctone C.0O; glacial gh) 


£ 
0.10; bonzors 0.90 





By Boteinc was first Bo aes in euayuls tissue by turnay oud 
Mver who ronort:d its isolation as the hedrechlborids salt. It was shown 
9 be pre sent in thie PPOLUCcT SF uvcry DAES fn the cxtractionse£ tho rupbsr 
Mischutin tae crude Sepiiesuitea Raper. Apparently it is most abunda nt in 

Seer Soluble fraction of the leuves, the milliag ottly ucnts and in 
"MOONS culsions of worm rosin. 


ie wort dong hure recantLy hac been direeted toward the develop- 
Ma of wrsctical moans tor the isolation of betaine. To that end, a process 
is feyic.3 whoeroby betaine can be obtuined as a phosphate salb from cthanolic 
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solutions of the upper (non-resinous) aqucous ph ase which obtains when tho 
aeotole extract of coms minuted guayuls shrub is subjected to evaporation under 
yacuum. When carricd out according to appropriate directions the betaine is 
isolated in high yield. It may be regencrated from the phosphate salt by ion 
exenange icthods. 


c. Acctonce Soluble Rubbcr. Hot acctone extractives of guayule rubber 
or guayule Plant tissue rave been foum invaria abl; to contain a significant 

b proportion of a cis-polyisoprensid termed here acetone-soluble "rubber." 
_ Mais substance,may ‘ay be characterized by its low-molecular—weisht range, 2,000 





20,060 (Staudinger's equation), solubility in hot acetone, infra red absorption 
pattern, and the oromine content of its bromination product. The crude fraction 
} as isolated from the rubber or plant tissue by eppropriate extraction procedure, 
} de ordinarily contaminated with the waxy fraction, discussed above, and with 

plant pigaents. Purification a nafor fractionation can be effected by dis- 

solution, solution and orecipitation and columnar chromatographic methods. 

The origin and physiological function, if any, of this fraction is unimowm at 

present. However, a knowledge cf its presence (ca 5-5%) in the worm resin 

‘may be important in planning a practical scheme of resin fractionation. 


at 


ls peek Piements. Three classes of plant pigments ere found in guay- 
Meeeeone Chico i i the anthocyanins (and anthozan- 
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Mens). Ths vat L cnlorophyllins and carotenoids are contained in 
particulate form in ths ores of pigmented cells. The water-soluble antno- 
eyanins and anthoxanthins are found primarily in the vacuolar sap, ¢x ecole lk kay 
erst was = 
of the leaves end floral ee Very little research has been directed dcriiis 
“i nt oA ents or ane 


i ane Dares. of the particular compore 
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rr 
toward the ee 2° nm and 
fa! @. Fowever, in "Une course of the resin 


cf these classes in guayul A 

identification work these ht disments have regularly been encountered. 
Their quanti ae removal from various resin fractions has often imposed the 
greatest single obstacle to the clean-up ot the actions. Whenever flovwi: 
columnar chromatography had to be resorted to as with the crude polyterpen 
=] 


j 
fraction (on alumina or magnesia) the carotenes and za! 
ponification 


into definite, readily elutable cands. t+ was noted that 
destroyed the sreen color of the chlorophyll. Accordingly, such a unit proce 
Can not be employed where chlorophyll is desired as a byproduct. However, 
resides in the leaves which could be pro- 
Since a considorable literature exists on 
products, no further 


most of the chloropnyll of guaywls 
C0ssea apart from the worm resin. 
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the subject of plant pigment isolation Irom natural 
@iscussion of the first to See listed will be crfered. here. 


B sevarate investigation was undortaken, albcit never completcd, te 
@mlor? the anbhoxantiin fraction. Several laboratory experinents 
Conducted ukien bezan ‘vith hot atimnol extraction or the floral varts of 

the plant. faese axtracts were concentrate? and tho rose 

Natant fe ticr filtered. ‘The magnesiua ribbon test revealed strong positive 
@Vidence for ths rresence of ‘Teyonols in the aqueous layer put not in the 
Fwiter-insoluble resinous layer of such oxtracts. Attcnpts to isolate a eryotul 
line Plavanol fraction from these aqueous extracts were in every case unsuc- 

Besstul. to. moyar, ths an: te accomplish this isolation may be ascribed 
Mere to the investigubor wifamiliarity with this branen of chemistry than t 
“Muy other factor. with more time, later investigators employing some of the 
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yonatographic methods recently reported by Yender and co-workers (Univ.. of 
de.) should have no real difficulty in rosolving this fraction. 


Despite the inability to actually isolate any exystalline flavonols 

wing current investigations, come seeinits progress was made by means of 
tition chromatography toward their identification. This ves accomplishe 
reonductins a series of rvaner chromatographic comperisons bétwesn the gsuayule 
avonol Traction and various mown Tlavonsls including rutin, quercetin, 
ereitrin, robinin, quercitagetin and hesporidin : nethylated chalcone. ‘The 
weloper solvents ineluded (2) butyl alcohol-acetic acid-water (4-1-5 upper 
ase), (b) ohenol saturated with water, (c} ethyl cane saturated with water, 
|) chlorcform saturated es water. The various sated spots could be ob- 
mved by means of a porta ultraviolet licht or co Duld be permanently stained 
th 1% alcoholic ferric ae ide or 1% aqueous potassium persanganate. or 

ie tio papers tested, Whatman No 5 ea 4 te offer better resolution than 
WM (Reeve-Angel). In one serie ions, using the asconding micro 
romatostrip technique of Rockland “ea ‘Duna, rc ee gancs was obtained for the 
‘ovable vresence of three distil ne agucous alcoholic extracts 

| SWayule floral parts. ‘sith de are a Beta See (a fluorescent spots were 
served at Rp 0.27, 0.42, 0.50. This eliminated further consideration of 
hereitrin ard hesperidin methylated chalcone. 
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) Mother set of deter: hod with 
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31 2 2 SCC Wes 
itge Strins, asain using - ee per solvent ). O20 sia = was spotted with 
nierodrops of guayvle et extract, ee with 5 drops of 1% alcoholic 
tin Solution, and a third with 2 Poors or rutin end 5 drops or guayule 
plutions. After 17 hours - ral vent travol - 12 inchss) the strips were removed 
pcdyeend viewed yndor ultraviolet light. Guayuls oxtrect shoved spots of 
e following R, values: 0.12 (faint fluorescence); 0.27 (dark fhe u9OPSscEence-— 
imed Eroen wath ferric chloride); 0.42 (dark fluoresconce - stained with 
mie Chloride); 0.48 (light fluorescence ~ not stainod); 0.59 (light fluor- 
pOcm@G==not staincd). Rutin showed only ono spot (0.57)of orango-brown fluor- 


poche which stained green with fcrric chloride. The mixture of rutin and 
ayule showed all spots characteristic cf gusyule cut no spot at R, 0.57 
ewer, rutin may be present in guaywle floral cxtract but in the presenc 
‘we other flavonols shifted gomewhat, probably to the 0.42 position. 7 
not OF Rp 0.27 could bo xanthorhamnin. Further vork will be necessary to 
oafirm this hypothesis and to definitsly identify these pigments. 
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_ A sizeable fraction cf guayule (orm) resin remaining uncharee- 
ed is the nonvolatile portion of the unsanoaifiables. Some prosress has 


made on this matcriel, but more work of fundamcntal naturc will de reouircd 
omplcte understanding of the composition of this fraction. 
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out on tho “wax-like substance" to cstablish its precise structure 
[0 evaluate it 2s a substitute or extemcr for carneuba wer. 
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- The "shellec-like" drying resin fraction can be isolated in high 
prtion from the "shrud rssin." If shrub dcresination is considered asain 


Me future, this particular resin fraction will be evailablc in such arantity (a3 
fO warrant inspection cr its potential in the paiitand vernish industr;. ie 
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1. Bureau of Plant Industry, Soils, and Asricultural Engineering 














Cooperative relationships were established between the Bureau of 4 
Plant Industry, Soils, and Agricultural Engine ering and the Bureau of 3 
Agricultural and Ind ustrial Chemistry, at the U. S. Matural Rubber Research Me 
Station, for the joint conduct of investigations on domestic sources of | y 
rubber -- beginning August 1, 1947 -- under the Strategie and Critical f oe 
liaterials Stock Piling Act. A Memorandum of Understonding delineated the [ ae 
responsibilities and scope of work for each Bureau. Each Bureau undertoo* t 2 

“work within its usual sphere of activities. The work of BPISkAR concerned f “g 
all phases of crop production and genetic investigations. That of the RAIC ae 
concerned research on extraction and processin nz oF the rubber ; tet 

: = 
The BPIS@AE established and maintained all shrub plantings from which * 
harvests were made as required to provide BiIC with the necessary material bie 
for extraction process developuent and related investigations. Tne mill- es 
ability and quality of rubber of plants of new varieties and hyorids of af 
guayule, selected by RPIS&AR which eppeared promising as improved rubber =e 
producers, were investigated ccoperatively by BAIC. ae 

In addition, there were numerous Bee rae problens in which close 4 
mutual interest existcd and to the solution of which each Bureau contributed : 7 % 
valuable assi. ace ince, edvice or suggestions Both Bureaus were. engaged in k x 

molecular vei cht Pee certcaihon of. the eee TuUpberi pel wer Aor eral eG, 3 
and much be fit was derived from conferences and exchanzes of information seme 
on this Pe There was also a joint interest in the use of chemical ae 
dsfoliants for treatment of shrub imucdiately prior to nervest. Another oie 
example concerncd the development of now or improvement of existing Fae 
Seal ytical procedures for the determination of rubber hydrocarbon in plant f! * 
tissues. Exchang: of aralytical results on duplicate samples served to in- < = 
crease conridence in methods adopted by cach Bureau. A new shaker method : 
Of anélysis for rubber hydrocarbon, developed by BAIC, was found useful in E 

meee snecial Panes hon by BPISSAE. Joint staif seminars on topics of general i : 
panterest were held from time to time. ae 
a. Synthetic Rubber Division 3 
E 

Tne Gavernnent Lavoratories, University of Akron, Akron, Ohio, which 
operate under funds provided by the Synthetic Rubber Division (formerly , bes 
Orfice of Rubber Reserve), Roe’ yatruction Finance Corporation, *Yasning;tor, 

D. C., beenric interested in ths compounding and physical testing of deresin- Fs 
ated guayule rubber earl: in the vrogram. Sasples of rubber were prepared 

at Salinas and submitted for testing by this organization, under the 

direction of Mr. J. i]. Schade. F 

Iater in the program, when it became cvident that a superior rubbor 
was being produced frou euayule, Me. Pauw S. Greer of the Smithetiec Rubber 
Division made contract errangements with rubber menufacturers for tho con- i 
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struction and testing of heavy-duty truck and passenser car tires in which 

guayul c rubber (produced at the U. S. Natural Rubber Research Station) was 

ysed in the carcass stocks in comparison with Hevea (plantation) rubber. 

Road tests of these tires were conducted by the Government Tire Test Fleet 

at Camp Bullis, San Antonio, Texas. Detailed reports of both laboratory 

and tire test results are given under "Laboratory and Related Tests''. 


feu, o. Air Force 


Arrangements for the construction and testing of airplane tires using 
deresinated guayule rubber were also aided by the Synthetic Rubber Division 
in conjunction with efforts cof the U. S. Air Force, Wright Develcpment 

‘Center, “iright-Patterson Field, Ohio. hr. K. W. Zehrt and associates, of 

ene Aircreft Laboratory, were esnecially helpful in planning and erranging 
for the conduct of the eircraft tire tests. interest in the possible use- 
fulness of deresinated guayule as a replacement for Hevea, in the event of 
@merfency, was aroused on the basis of results of the Firestone heavy-duty 


truck tire tests. Contract arrangements were completed with the Frank G. 
Dp 


Schenuit Rubber Company, Baltimore, Maryland, for construction and prelimin- 
ary testing of eircraft tirs casings. Further details are reported under 
"irplane Tire Tests". 


Wajors H. E. Mestern and W. TF. Earth, and Dr. Stephen Palinchak, of 
the Air Technical Intelligence, eee Air Force Base, visited 
Saiinas ‘ead 192. 1952 to obtain informaticn concerning syecial methods 
for the anclysis and testing of rubber vulcenizeates. The problem of dis- 
tingvishing betveen Siege and kolt-saghyz or other rubbers was discussed. 
meer a tour or the BAIC laboratories and pilct plant and the BPISwAg 


facilities, the men were taken to the U. S. Naval-Laboratory et Nare Island 
for further conferences vith iirc. Ress E. ee A comprehensive treatise 
oe 


recently published in Germany, dealing with Soviet research and developsents 
on natural rubber, was left on loan to BAIC personnel for whatever use it 
Might have in furthering the domestic rubber resea rch program. 


me U. S. Navy 


The U. S. Naval Rubber Laboratory located at Mare Island, Vallejo, 
California, vas eee acrat sericdically by staff members to consult with Mr. 
Ross }}. Morris ond his eiiercers on problems of mutual’ interest. inuy 
Helpful suczestions were obtained with respect to the possible usefulness 
Be fayule rubber in defense and other applications. Smmple Lots 
PUOber were tested at itare Island to determine cenavior at low tom perature 
such us are on ships operat ils are 
Peported unier "Low Tomper: 
fiso provided for an sicaar 
Improvencnt of low temperatiuc 


if 

ing in Arctic regions. rurther detail 
aAvure Saracens on”. Samples of guayule resin were 
j rs ror synthetic rubber for 
t tho Lettcr. 
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Dr. Peter King, of the U. S. Naval Research Laboratory, Yacshington, D.C. 
Mis consulted regarding, the uscfulness of infrared spectroscopy for the be 
haricterizrtion of rubber and resins. It had previously been shown by x 


Dr. “ing that purified guayule rubber gave an intrarcd spectrum essentially 


identic:l to that of Werea rubber. Dr. King offered further cooperation Tor 
related characterization studics. 
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5. National Bureau of Standards 
SSS as Seanaiiaieaaniacmisoaes 3 meeeenteei mie 


- 


In the Department of Commerce, the Rudder Section of the Division of 
Organic and Fibrous Materials, National Bureau of Standards, rendered 
vyaluavle assistance in numerous conferences that were held from time to 
Hime with Dr. L. A. Wood, Dr. Norman Bekikedahl, and others of its staff 
menbers, notably with respect to the conduct of viscosity measurements, 
stress-strain and related physical tests on vulcanized rubver, low tempera- 
ture properties of natural rubber, analysis of crude rubber for rubber 
hydrocarbon end trace metals content, and other topics. 


Cooverative tests on guayule latex, vuicenization characteristics of 
deresinated rubber, and metals analyses were conducted at the National 
Bureau of Standards, using samples supplied frou Selinas. More detailed 
results are included under "Laboratory and Releted Tests". ’ 


ee ee 


6. Texes Acricultural IExvsriment Station 
a rere oes 





> Dr. S. EB. Jones, Vice-Director of the Texas Agricultural Experiment 


Station at College Station, expressed an interest in the possible utiliza~ 


tion of dried guayule leaves for stock feed. The guayule leaves were 
Visualized as a byproduct of rubber extraction operaticns in the event a 


far Cet 


Sermles of the - re shipped from Salinas, and fecding trials 
were conducted by the periment Station. Further details are reported 


p 
under "Jiiscellaneous Cooperation". 
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B. ‘With Foreign Countries 
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1. MKoxico 


u : 

Guayule rubber has been produced conmercially from wild shrub in 
Mexico beginning about 1902 and continuing more or léss continuously, de- 
pending woon evailability of shrub and price of rubber, until the present 
time. Althoush numerous companies have been engaged in producing guayule 
rubber in Mexico, the only known remaining producer is the Continental 
Mexican Rubber Company with it's factory at Torreon, Coals, tiexico. Tais 
Coupany is a Subsidiary of the Intercontinental Rubber Company with head- 
Guarters in New York City. 

Durins the course of the investigations at Salinas, it appeared de- 
Sivabie to make comparisons of quality betweon the rubber produced at 
Yorreon and that developed as a result of research, particularly with 
“aference to the milling of freshly harvested simub and deresination. 

Arrancements were mado in iebruary L95l"by Hr. C.F. Speh, Assistant 
ieee nC. with re J. if Linxweiler, President, Tntercontinental Co., 


t: 


’ Jn0@ : : 
to ship 2 sample of freshly milled resinous guayule rubber wouns Prom the 
Torreon factcry to Sulinas for derosinntion. The purpose was to compare 

the results of analysis and physical tests with those of a deresinated lot 


preparsd at Salinas. 
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The shrub used at Salinas was 9-year-old variety 593 grovm on the , ‘3 
quidotti field. It was parboiled, defoliated, cut and crushed the same ae 
day as harvested, and milled the following day. ct 
The sample of resinous rubber worms from Torreon was collected in the yo 
wet condition and placed in 5-gallon tins in preparation for shipment. 3 
fdditional water was added to prevent clumping and deterioration. No in- 
formation is available concerning the detailed history of the shrun from 
which this rubber was milled. However, we ave informed by Ir. R. D. Ross, t Sy, 
Plant Manager, that the ruboer was "run of the mill" and that, under present Sete 
conditions, about 12 to 14 days elapse between the time the shrub is pulled t * 
end the time it arrives et the mill fcr vrocessing. Because of a prolonged ih 
drought the shrvb had a low moisture content and gid not require additional ae 
storaze to bring the moisture level dowm eee reh eg Ue for milling. The e 
shrub was not parboiled and hence was milled with leaves. = 
! € 
fhe sample lot of worms, which constituted approximately 25 pounds dry “a 
weight, were shipped from Torreon by air express on February 21, 1951. The [ 2 
material was received in excellent condition at Salinas on cane Doe. bu ey 
was immediately deresinated by a batch method of extrac tion, using acetone é 
in the same manner es currently used with rubber produced at Salinas. No 2 
difficulty was cs ed in discersing the worms end conducting the ex- ee 
) ixection, except for the fact that the worms were quite small and some were “A 
lost through the screen during the process. Appr cimately 1 percent of ake 
PaNA (phenyl beta naphthylaiine) entioxidsnt was added to the de eresinated % 
rubber, ae 
yeas. 
Chemical and physical characteristics of Salines and Torreon crude rubbers t 
are tabulated in Tables 1 ard 2. 3 
pe 
mmopay 1951, hu. Ke wi. Taylor, Process imsineer, in company With fir. 3 
C.F. Speh, ‘Assistant Chie? of Bureau, visited the factory and environs of } S 
the Continental. iexican Rudzver Company at Vorreon, Coah., sere This Loe 
Visit afforded an opportunity for a broadeniag of over-all background know | x 
tedze of guayule processing. Personnel of the Company Reiman fir otten ee ; ¢ 
Ross, Monager, Mr. Otto vor der tisden, Business Manager, and ir. George 3 
Saenz, in charse of field harvest operations, vrovided every possible i ob 
courtesy on this trip Both field gathering of wild shrub, which wns con- foshes 
eucted at consi baeitid distance from the factory, and factory Sage sing ; 
Gperations were observed in detail. bo iy 
ee 
It was learned that no antioxidant was ied for protecting the rubber gre 
Broauced at Torreon. rts reason for this was the feeling that the added Ee ee 
€xpense of avplying pee was not justifiable in view of the ract a3 
that the rubber was being cousimed 2s rapidly as prodvecd., However, its te 
Ross contemplated uce eae Tonox (p-p'-diamino dinhnenyl methane) if ees S 3 
0: Should justify use of an SI anata After a discussion of the short- i 3 
comings of Tonox with respect to its cffect as ag accelerator of cure rate a 
Er. Ross reauested information cox Pena ie use of PRBMA, which was then in z 
current use et Salinas. ‘he desired ence was subsequently furnished = 
by letter. f iy 
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Table 1. Comparative Analyses and Physical Properties of Salinas 
and Torreon Resinous and Deresinated Crude Rubbers 
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Crude Rubber ; Salinas Torreon R 
: Resinous ; Deresinated: Resinous : peresinnited “e 
—_— = 
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Kangerese, p.m. : --- 6.2 : 4.5 : 4.0 

ron, p-p.M. ; oowe ; 450 side : 185 oe 
? : 

Mooney viscosity : 52 : 92 s 41 : 82 os 


Molecular weight we --- 159,100 [nn lel, 400 











1/ “Values for molecular weight have relative significance only. 
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These results are largely self-explanatory and show significant differ- 


ences, particularly with respect to ifooney viscosity and molecular *% 
weight in favor of the Salinas deresinated product. Content of in- 3 
Solubles is elso lower in the Salirnzs rusher. However, the content of “ 
ash and iron is appreciably less in the Yorreon rubber. Differences = 
With resnect to copner and manganese are of doubtrul interpretation. a 
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fable 2. Results of Stress-s 
Salinas and 


1 


train Tests cf Vulcanizates Prepared from 
Torreon [eresinated Rubbers 


Minutes Cure at 287° FP. 














SMe reer eee ae 

SALINAS : : a 
Tensile strength, p.s-i. s 5610 <: 3900 : 3800 : 3500: %200 
Stress ~ 500% elongetion, p.s.i. : 460: 560: 630: 620 : 610 
Sreess © G00} elonsation, p.s.i, : 940 : 1180 : 1340 : 1350 ;, 1280 
Ultimate elongation, % eee ge) ste CO tit Omics BLAU 
@slongetion © 200 p.s.i. OSG es hee ees, eee Gon 
TRO 

) Tensile strensth, p.S.i- : 1550 : 3160 : 3110 : 3320 : 3180 
ress © Met otre 01, ecet. * 2e0 3 oe 2 700°: 750. :. 720 
meee 600% clonsation, pv.s.i. : 380 ; 970 : 1560 : 1420 ;: 1410 
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The continuance of factory operations in the future was stated to 
be dependent upon price received for the crude ruboer rather than upon 
availability of wild shrud. Economic uncertainties militated against 
the installation of improved equipment and methods of processing. 


Mr. Ress, Kianager of the Torreon factory, visited the U. S. Natural 
Rubber Research Station at Salinas on two different occasions: in April 
mooL, and in February 1952. ir. J. H. Linxveiler, President of the Inter- 
continental Rubber Company of New York City, accompanied Mr. Ross on the 
first trip. Considerable interest was shown in the progress being made on 
gueyule processing research, perticularly with respect to deresination 
development. 


ee Australia , 


During world lar II a great deal of interest was aroused in the 
possibility of producing rubber from plants (other than Hevea brasiliensis) 
which micht be grown in Australia. Test sowings of both Russian dandelion 
(kok-saghyz) and of Mexican guayule (seed presumably obvained from the 
Puergency Rubber Project) were made under the Commonwealth Scientific and 
Industriel Research Organization auspices. Al*though the results with kok- 
saghyz were disappointing, suitable conditions for cultivation of guayule 
were established. Several acres of the latter plants were grown to maturity 
in an irrigated area at Loveday, near Barmera in South Australia, and the 
‘rubber content of the shrub was determined by laboratory analysis ofr semoles 
taken over the whole period of growth until harvest in 1949 at the age of 
five yeers. , 





A decision was reached in Australia to harvest the 5-year-old planting 
and abandon further research on guayule. In order to obtain as conplcte Ae 
record as possible, Dr. I. W. Wark, Chief of the Division of Industrial 
Chemistry of the C.S.I.R.d., requested the cooperation of the U. S. Depart- 
ment of £griculture, through Dr. T. C. Beli, orfficer-in-Charge of the 
Australian Scientific Research Liaison Office in sjJashington, D. C., in 
determining the milling yield and quality of the rubber in the Australian 
shrub. Arrangements were made for the conduct of this work at Salinas. 

r. Bell visited Salinas July 8, 1949, to discuss plans for processing. 

Six guayule plants were shipped to San Francisco from Sydney, New 
South Yales, Australia, via air freight and delivered to Salinas on 
Sent. 19, 1949. These vlants were ha vested on June SO and allowed to cry. 
A parboiling treatment was given the shrub before shipment. The plants 
were also sprayed with a saturated solution of berzoic acid to inhibit 
microbiological activity during shipment. 


To provide a basis of comparison in silling, 25 plants of the sume 
age class (5 years) were procured from Spence field and milled as a control. 
There was a marked difference in the size or the Australian and American 
plants. Those from Australia averaged 24 inches in height from the first 
lateral root to the base of the flower stems. The locally crown shrub 
averaged 17 inches. The averaze dry weight of the Australien plants was 
5.29 pounds; that of the Salinus shrub 0.60 pounds per plant, defoliatcd 
ary woicht basis. 
De ee ee er 








aN gy sree 


DSN pe ghd teicts Sh a 


as 


INE 


wy’ 


i 8. gett Soc: car 
Ta eet Ret SEN Se 


pe 


i 


Ne 


TALES hae 1 


ESS SUE pe ats 


MO 


2 


Seen 3 BETS 


wl ae 


TE ETA N 8 RETEST OE TE SA EECA, SFOS SEIT PENT IFS IATA FR IT! ONO AER REELS OE POO II BIE ATP SPORT PY OL ROO HI RAPE ISERIES aT 
; oka ahh i eas Pesta ; . eng . . y : i 
nots ce " fie eh eit , ty 


nt Pe 


tee 


2 60 A 8 hr Re Om 


one a +e eet 


a 


Oe 


A aS A OE ee OR all 


a? or 


21 CEP pemes 


1. 


Lam ros o Gutid hid i 
ioc lupe hevogdn® Besa 


dgwife eau l ly — Cds. Io JF it 


a 

























J Yaorog? 3p Oe 


ave Ds 4at oprtq AG 


‘oT si? Yo segment 
(> @s gobs 

stil qususday 

lo (uae cage 
Jeoustal aldenabieged 
viitag ,jeusese2 Be 


e 
fry > vere < rT Ts, th Sore 
Goct anlovbag 
7 nu & te Aeon ee 


> che cre” to Beas 
125% | ?tostow + gat 
sc itty?) cores 
sal*’areqcdseame 
; j v0 bate 
msyC. 28 sock besg 
id 3o° 7ae 
Lolvhe eletw ete 


~~ 


sefeeert aon (One 
tag0e1 sete 

; .1 «a (sldieeg 
«0.8. 1.6.9 off 
icons stale 
i oft tins oe 

in iy .amtilin ene 


i : o-ew 27 


ow tnaf I o (ny, ve 

: atietzawa 

‘ 2lg ao08T ~.Gaeee 

Liane Ae 

pesvwwtiia Aas iv bey q3., 

Viv etoe lagreg 

.* 1202 10° a inn qe 

bhoiesry wvrew (etpdy Gime 

J os sono yi baa 7 

niove rrinwps weary soar 
ul) wit te aoe ee oes 

i7idve aff «Coma 


a, 


. 
PUY 


| 


w-8 | 3 : 153 


‘Wo unusual difficulties were noted for the Australian sg during 
the preparation steps. Crushing was a little slower than was the case 
with the Spence field material, but this is to be expected wrth shrub of 
such & low moisture content (15.2%5). In one particular the Australian 
shrup Scemed somewhat different from the American material. The Australian 
material, during crushing, gave off a pronounced odor of turpentine. our 
mayule has a characteristic odor, but it is not so similar to turpentine. 
Pebble milling was conducted in 27-inch batch mills according to 
standard procedure. This was folloved by paila treatment for decorking, 
and by scrub milling. The rubber "worms" from the Australian shrub were 
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very finely divided and or a tan, rather than the usual green, color. This t 2 
was attributed to the drying treatment given the shrub before processing. 4 
The scrub-milled rubber was spread on drying trays and dried ina “4 
Procter and Schwartz through-circulation drier. The dried crude rubbers bios 
were sampled for chemical and molecular weight analyses, and the entire + 
amounts weighed for calculation of rubber yields. The rubber remaining ¥ 
after sampling for analyses was submitted for physical testing. : s 
: PF 

On a defoliated dry weight basis, PHeeiiet rattan serena Tee pattie 
have a resin content of 8.99% and a rubber hydrocarbon content of 9.96%. * 
) The Spence field shrub had 7.85% resin and 12.7% rubber hydrocarbon. a 
Assuming that the Australian shrub was plented on a 30" x 30" s Spac ing, | ok 
and assuming a 100% survival, the rubber hydrocarbon yield would be 2259 f ae 
pounds per acre as compared to 1077 pounds per acre for Spence field mater- % 
jal planted at a 28" x 20" spacing. aa 
moe shrub in Spence pend was established by transplanting in the A 
spring (February or i‘arch) of 1944. The Australian shrub was probably | cd 
planted in April 1943 or ey 1944, according to the available information. a 
Tae Australian shrub was harvested in mid-winter ron 50, 1949), while the : ag 
Spence field piants cane out of the ground in early autumn. Presumably the bee 
yearly rubber increment had reached its peak for Australia, but Spence : % 
plants will not reach a similar peak until December or January. Even so, Foe & 
it appears that the Australtan plantations will far out-yield those of the - 
Salinas Valley. This, of covrse, is attributable to the e@ -eater size of not 
the plants, rather than to the rubber content. as 
Chenical analyses of the two crude rubbers are shorn in Table 3S. * 


Table 3. Cemposition of Crude Guayule Rubbers illed from Australian 
end Culifornia Grown Shrub 
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It will be noted that the molecular weight of the rubber hydrocerbon 
was markedly lower in the case of the rubber from the Australian shrub. 
This may be interpreted as indicating a rubber of inferior physical pro- 
perties. Such an intervretation is justified when the physical test data 
are examined. However, it is probable that these inferior physical pro- 
perties are not an inherent quality of the rubber, but rether reflect the 
pre-milling conditioning treatment that had been given the shrub efter it 
was harvested. It has been amply demonstrated that shrub should be milled 
as soon as possible after harvest to avoid degradation. 


- The metals content of the rudber fron the Australian shrub is higher 
Bhan thet of the locally srowm shrub. This is most likely due to the fact 
that the field soil was found clinging very tenaciously to the basal portion 
of the plants. A high retals content would be expected to contribute to 
poor keeping quality of the cruce rubber. 


Both crude rubbers were compounded on the following formula: Crude 
rubber, 100 rarts; zine oxide, 5 parts; sulphur, 3.5 parts; stearic acid, 


4 parts; end Captax, 1 part. The stocks were vulcanized at 237° F. Results 


of physical tests are shown in Table 4. 





Table 4. Physicel Properties of Australian and California 
. Guayule Rubber Vulcanizates 
Physical Properties ’Australian ; Salinas, Calir. 








fooney (L) 212° F&F. ¢ 4 minutes : Lous 45 
Tensile © 20 minutes cure, p-.S.i. : | 1660 ; 2080 
Tensile \ 45 minutes cure, p-Sei- seLECO sales 1760 
Tensile ~ 75 minutes cure, PeSele : 1340: 1440 
Modulus « 500% Cention 20 minutes cure: - 150 : 210 
Modulus © 500% elongation, 45 minutes cure : 180; Oe: 220 
Ultimate clongation ~ 20 minutes cure, % : $40: 890 

g : 890 : 870 


Ultimate clongution © 45 minutes cure, : 
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the Australian plants is inferior 
Acain, this need not be as- 
two rubbers, but as 


It is apparent that the rubber from 
to that obtained from Spence fiold plants. 
cribed to an inherent difference in qualities of the 
indicated above, is probably due to degradation resulting from storage and 
exposure or shrub prior to milling. 
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3, Great Britain 
— 





| Dr. R. G. Newton, Rubber Technologist for the British Rubber pro- 
_queers' Research Association, ielwyn Garden City, Herts, mmeland, visitea 
the U. S. Natural Rubber Research Station at Salines from Sept. 24 to 27, 
1950. Tue purpose of this ae was to discuss problems of mutual interest 
pertaining to the quality, testing, analysis, and grading of natural rubber, 
and to obtain information on et cate research. He expressed a desire to 
promote cooperation particularly with respect to the exchange of informaticn 
between his organization and our Laboratory. Dr. Newton had been stationod 
at Kuala Lumpur for the previous 10 months on loan to the Rubber Research 
Institute of Molaya, to investigate the problem of producing crude rubber 
of greater unifcrmity with grading according to quality. 
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A rovnd-table corference was held with members of the staff’of BPIS&AR 
as well as with those of BSIC. At this conference, Dr. Newton discussed 
his work in Malaya and reported on the progress of the research of the 
Rubber Research Institute of l’alaya. The staff of the latter organization 
was said to comprise about 80, including 18 Duropean workers. Their work 
embraced cuitural, varietal and pathological studies, biochemical investi- 
Gapeons pertaining to composition and properties of latex; and studies on 
quaiivy and testing. Trouble shooting for the plantations is also an 
important function. An experiment station cooperates with the Institute. 
Yields cf rubber with improved varieties of trees were reported now to be 
aS high as 2,CCO pounds per acre per year. However, the latex from these 
high-yiel dine tr ais was said to be unstable, that is, it cannot be marketed 
.in latex form because of coagulation. iefovago yi ey of rubber plantations 
aro, of course, much lower 
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Interesting information concerning molecular weight was obtained from 
Des Nexton. Viscosimetric end osmometric metheds were used. Wormally, the 
molecular weight was stated to run from approximately 700,000 to 2,500,000. 
A fair correlation with the Hiooney viscosity was found. Trees which are 
not resularly tapped yield a latex of very high molecular weight. Hovever, 
| Dr. Newton did not believe there is any gave ee in having a high molecular 
Weight in Hevea rubber beca use the rubber i s broken down on the mill in 
| Compounding. Apparently rubber so broken ee m is the same as if it hada 
— low molecular wei geht to begin with. 
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Dr. Newton was interested in our methods of rubber hydrocarbon analysis. 
In the » past, rubber hydrocarbon was usually dotermined by aifference. 

Cttor methods ere required. Our improved bromination method was regards 
a beins hel. pful. The rubber producers are very cesivous of having a method 
for de sterisinin;: the rubber content of Hevea seedlings. The rubber content 
of Seedlings hus recently been reported as bein; correlated with the ulti- 
mate rebber-producing cupacities. Ordinarily it has-been necessary to wait 
‘) a ? years before a new secodling could be evaluated. 
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The British Rubber Producers' Pecearch Association conducted an inter- a, ; 
national Sooney viscosity cross-testing program during 1951 and ee Sie seal! - 


Connection with its wor's in furthering the technical classifiention of 
‘Planiction rubber. The purpose of this program was to exploro the variations 
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of precision in determining viscosity of crude rubber with different 
Joooney viscosSimeters in different laboratories, and thereby to provide a 


more reliable basis for standardization of the test. 


The Salinas Laboratory was requested to participate as one of three 
cooperating, and to recommend two other laboratories. The other. two 
selected were the Netional Bureau of Standards, tiashington, D. C., and the 
B. F. Goodrich Research Center, Brecksville, Ohio. Other cooperating 
laboratories wore selected by the 3.R.P.R.A. in Mmeland, France, Holland, 
Indonesia, Malaya, and Saigon to provide a total-of 24 different Mooney 


-instrumnents. 


Samples of three different crude Hevea rubbers were submitted at 
monthly intervals to each participant. The test results were tabulated, 
analyzed, and reported to the participants by the B.R.P-R-A. A member of 
the Salinas staff, who served as Chairman of a task force of the AST Sub- 
committee XII on Rubber Processibility, coordinated the efforts of tho 
three U. S. laboratories in this testing program, particularly with respect 
to offering sugcestions for standardization to the B.R.P.R.A. It was con- 
eluded that the most likely sources of deviation or error were inadequate 


temperature control, improper calibration, and improper die closure of the 


Mooney instrument. 
Mr. W. P. Fletcher of the B.R.P.R.A., who directed the program, ccn- 
mented on the results of the Salinas Laboratory that "Ye are most interested 
49 observe that your instrument is giving the most consistent performance 

of all those include2 in the program....." ; 


r. Leslic Batemen, Superintendent of Chemical Research of THeCD ier aks 


visited at Salinas in September 1952. He was interested primarily in the 
fundamentals of rubber deterioration through oxidation, and in the re- 
actions of sulphur in vilcaniyation. He is recognized as an international 
authority in these fields, and held informal seminars with the staff to 


discuss problems of mutuel interest. 


4, Turkey ® 


Mir. Sevket Ozberk, a Turkish trainee, spent approximately one year 
(beginning September 1649) at the U. S. Natural Rubber Research Station in 
the interests of the Turkish Government to obtain information and training 
en the production of natural rubber. Arrangements ior this tour of duty 
were inode under the auspices of it. Cezmi Berktin, Turlish Educational 
Rttache, New York City. br. Ozberk's primary interes 
development of guayule and kok-saghys, and consequently most of his time was 
Spent with the Burcau of Plant Industry, Soils, and Azricultvural Eni neering 
at the Selines Station. Approximately one month (Pebruary-rarch 1950) wis 
spent with the Bureau of Agricultural and Industrial Chenistry, during 
which tine }te. Ozberk guined knowledge of the processing of guayul © shrub. 
ir. Onderk, in turn, furnished certain information concerning the methods 
used at the Rubber Exreriment Station of Ankara, gurkey. According to a 
letter received by ite. Onberk from ?r. Hiignet Konuralp, who is in charge 
meetio Ankmira Otittion, 


of rubber from guayule: 


the following steps arc involved in the extraction 
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"1, Guayule shrub which has been dried in shade is cut less 


than 10 mm. pieces. 
2. Chopped shrubs are crushed by crusher less than 1 na. thickness 


3. Crushed shrub mixed with water (usually 8 to 10 parts water 
to 1 part crushed shrub) in a boiling kettle. In the slurry 
there is sodium hydroxide solution as much as 5% of the 
crushed shrub. 


4, The mixture (slurry) should be boiled through the steam 

heat for 4 hours without exceeding 100° C. ; 
dD. After 4 hours' boiling, leave the slurry to cool 5 to 10 
minutes. 


6. Agitate the-slurry through the high pressure water. ae doing 
this, there will be pebbling, and gee pieces of rubber will 
float on the surface of the water. Then the first. skinming 
is made. 


7. Dewater the wet SERBES worm through the screen. Pass the 

- dewatered rubber wo througn the steam-heatedad roller and 
wash the rubber ih erates when i+ sticks around the roller. 
By doing this, saponificated matter in the rubber will be 
Cleaned out. 


8. Pass the rubber through 40°C. heated roller for sheeting. 


9, Drv the sheeted rubber in drier at 40°C. This crude, 
resinous rubber contains 75% or 80% isoprene and tne 
rest is resin. 


Dry resinous rubber is deresinated with As one, using an extractors 
At the end of this extraction, we get almost t 80% rubber and 20% 
Tesin. ® 

After deresination, we sheet the deresinated rubber by passing it 
throngh 2 40°C. heated roller, then dry it in drier oround 40°C. 


ms ’ 
until only 19% moisture remains. 


mee nti ¢ ne 
fll the equirment % Studia: rae been used in the above-mentioned 


cae rarer 1. 43) rs 
processin;s or Betatact sis ed by the steris Ol tho Rubber 


Sxperiment Station of ateers Trey, | 


The Electrochemical Construction Company of New York City, which is 
) meved in the business of designing process equipment installations and 


were 


Procuring equipment for foreign developments, made inquiries for infornma- 
on relative to the installation of a process for oxtracting rubber from 
gWayule for the benoit of the Turkish interests. hx. Robert Spitzer, of 
the cc: spany, visited Salinas on August 24, 1949, for a thorough discussion 
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It was learned from Mr. Spitzer that only a few acres of guayule are 

now under cultivation in Turkey, but additional plantings are contemplated, 
: f as " ; ee } : a 

There were said vo be large semi-desert areas adjoining the }editerranean 
shore line which are believed suitable for large scale guayule production. 
It was desired to set up a pilot plant for the purpose of conducting some 
experimental work on rubber extraction. It eppeared that the Turks desire 
to produce a deresinated rubber, md have carried on some experimental worl. 
Some experimentation with kok-saghyz appears also +o be in progross. 


Guayule shrub in Turkey was said at the time to be 5 years old and to 
contain 22.7% rubber. Judging from tne dimensions of the single shrub 
sample furnished hr. Spitzer, Turkish guayule is considerably larzer than 
that grovm under Salinas conditions. Figures supplied by Mr. Spitzer 
indicated that an acre contained approxirately 1500 pounds of rubber. This 
is comparable to American shrub production. ; 

The Electrochemical Construction Company expected to supply all necess- 
ary equipment for the construction of a pilot plant for the processing cf an 

estimated 300 pounds of shrub per day. ‘Alternate procedures for extraction 
. of rubber were envisaged, including the use of a resin and/or a rubber 
solvent as well as conventional pebble milling. 


: Mr. Spitzer was shown the varicus units of processing equipment in 
our pilot plant and suggestions were made with respect to sizes and othe 
specifications of the varboiler, cutter, hemmermill, crusher, pebble mil 
etc., that would be reouired for the Turks. Advice was given against th 
‘expenditure of effort on the devclonpment of a process for the. extraction 
of rubber by means cf e rubber solvent for several reasons: (1) the rubber 
is very difficult to extract completely; (2) extremely large volumes of 
solvent must necessarily be used because rubber solutions become visccus 
when they contain as much as 2% rubber; and (3) the rubber is apt to be 
degraded as a result of having been dissolved and would likely be suivable 
only for products such as rubber cemenvs or chemical derivatives. 


” 
- 
i, 
e 


At that time, the most promising method Lor deresination appeared to 
‘be throuch resin solvent (acetone) extraction of the cut and crushed shruo 
prior to pebble milling, and was recormended for investigation in connection 
with development of the Turkish process. 


9. Spain 


Dr. ‘Jifredo de Rafols, a graduate agriculturist of the University of 
Madrid, Visited the Selinas Station on two occasions: in January Les) and 
again in rebruary 1952. ry. Rafols spent approximately a year in the United 

wates on a Seagram fellowship investigating various pRises of ressarch on 
byproduct utilizaticn (notably fermentation of -inulin) which poeta abe, 
applicublo to the preduction of rubbor fuem kok-sughyZe lie 21.30 ee 
some of the physiological factors which influence rubber formation in kok- 
saghyz at the California Institute of Technology at Pasadena. 


e ne . oe _ Nf + S tYes ° "s 
During the first visit, tho primery interest of Dr. Rafols was the 


work of PPIS&A on kok-saghyz culture, genetics, otc. Mowover, analytical 
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methods for determining rubber hydrocarbon in plant tissue, as devoloped by 
ys, were also of special intorest. Guayule rubber extraction and rubber 


a, 


quality were discussed. The second visit was rade for the purpose of ob- 4 
taining information concerning our methods of rubber extraction, compounding, <4 
testing, and analytical procedures. [In addition, Dr. Rafols expressed some 5 
yery helpful ideas about the possibility of investigating molecular weight 4 
and related characteristics of the rubber molecule by means of paper chroma- e 
tography. Suggestions made by Dr. Rafols were followed up in subsequent < 


laboratory worl: which dencnstrated that rubber polymers and synthetic 
elastomers could be chrcematographed. : 


Tape al ee 
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Hessrs. Avrelio Cabra, a chemist, and Jose Luis Ramos, a forestry 
engineer, visited the Salinas Station in March 1951, as representatives of 
the Spanish government, to obtain information concerning all phases of 
guayule culture and processing. Large scale preparation cf deresinated 
rbber for tire tests was in progress at the time and was witnessed by 
these visitors. Spaim was said to be desirous of producing moderate 
quantities of guayule rubber to supplement their limited importations of 
Hevea rubber. hr. Cabra was at one time a visitor at the Northern Regional 
Research Labcratory to study processes for utiiizing agri cultural wastes. 
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) kr. Frencisco G. de le Riva, Vice-President of the Del Amo Foundation 
of Los Angeles, Calif., and head of the lotion Pictura Service of the 
Ministry of Asriculture in Madrid, Spain, visited Salinas in August 1952 
for the purpoce of taking motion pictures or gusyule culture and processing, 
and to obtain general inforination. 





a diag oe of 


The Del Azo Foundation is a privately financed organization whese ob- 
to faster good relationships between Spain and the United States 
ce 





Ss f 
through the exchenge of fellowships. Kr. de la Riva stated that ho was 43 
making a general agricultural film in the United States for educational use z 
in Spain. € 
at 
Motion pictures were taken by Lir. de le Riva of the buildings and ie 
prounds.at the Salinas Station, the out-door deresination process, and ¥ 
various other operations indluding shrub harvest, sced collection, and % 


Pollination wort: of the BPISSAE. No pictures were ‘tsken inside the pilot -— : 


plant because of poor light conditions. 

ty, do le Riva reported that an experiment in cuayule production, com- 
Prising several plots toteling approximately 20 acres, Was in progress near 
the southern coast of Spain. @he area, which totals seversl hundred thous~ 
Bia acres, is sandy and until recent years was nov considered suitable for 
agriculture. ‘the Director General of Forestry of Pndric had requested jar. 


ef 
de la Piven to obtain whatever photcgraphs and information on guayule 
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Bilture in the U. S. that was possible for assisting in the Spanish experi- % 

a . righ 
{9 mentation. ; RY 
7 5 
It was elso learned that a sirall pilot plant for oxtracting the guniyulo r. 4 

Bubbor had been sot up in Spain. It reportedly consists 0! sevoral tubo i x 
Mills which ere svaller than those in uso at Salinas. Pporceluin bails aro ¥ 
Used instead of pebbles. The shrub is dried in preparation for willing and 3 
“§ 
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leaves are included in the milling. It appears that some retting has also 
been attempted, but detailed information on this and other points were 
apparently not known to iir. de la ‘Riva. 


During early 1953 inquiries were received from }‘r. Angel Zalve, a 
representative of the Governor at Seville, concerning problems that had 
been encountered in laboratory sczle compounding and vulcanization of the 
crude guayule rubber produced in Spain. Efforts to set up experimental 

] deresination eauipxent were briefly described. Leterioration of rubber 
during or following processing apoeared to be the principal problem con- 
fronting the Spanish workers. Appropriete suggestions and description cf 
methods in use at Salinas were forwarded to Mr. Zalve. 
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6. France 





Dr. Jean Le Bras, Inspector General of the French Rubber Institute and 
of the Institute of Rubber Research in Indo-China, visited the U. S. Netural 
Rubber Research Station on October 23, 1950. Dr. Le Bras has long been 
associated with research on physical testing, oxygen absorption, agins, an 
related topics pertaining to natural rubber. These subjects were discussed 
With him. He was shown ovr oxygen absorption apparatus which is similar to 
} that used by other workers. ‘The problem of supperting a crude guayule 

rubber sample in this apperatus,to prevent its deformation during the con- 
-. of en aging test, was one thet had not been solved at the time. Dr. 
le Bras offered suggestions for overcoming this difficulty. 
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The selection and use of antioxidants were discussed, with particular 
reference to the protection of natural rubber. The protection of vulcanized 
rubber, where antioxidants are mostly used, is not the same as with cruce 
rubber. It is knovm, for example, that some substances which act as anvi-- 
oxidants for vulcanized rubber actually accelerate cxidation of crude ; 
rubber. Oxygen absorption on vulcanized } Tovea rubber was stated by [r. 

Le Bras es not being necessarily correlated with quality ceterioration on 
aging. 
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‘Dr. Le Bras was tnformed cf the fact that guayule rubber appears to 
develop highor heat build-vp then Hevea rubber, in the hcpe of learning his 
pinion as to the possibile cause of this defect. He believed it Was tiod 
Up with molecular weight relationships, but no definite answer was knovn. 
He sugcested that we operate our compounding rolls at a higher than normal 
temperature in order to partially orf-set the rapid breakderm on the mill 


re ~ WV parece that 
during campounding. Guayule rubber breaks down so rea idly on milling that 
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Cispersion and incorporation cf compounding, inz adionts muy not bo surfice- : 
iently therouch pet breakdown goes toc far. Higher mill tomveratures ‘ 
increase plasticity without co much breakdorm. 3 
} 

3 _ > > » = ; wears ‘ } \ 
) Analytical metheds fer the detsrminetion of rubber hydrocarbon and ; 
Le Bras showed great interest in the 


metals were also diseussed. Dr. 
Tree NS. 
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It was stated by Dr. Le Bras that rubber production in Indo-China 
wag Less than half of the potential (40 to 45 thousand tcns out of a 
possible of about 100 thousand) because of Comuimistic influences. En- 
deavors of the French to improve uniformity of plantation rubber through 
grading according to physical properties were described. 


Gaeovner 


Dr. Norberto Reichart, Director General of Asriculture, Buenos Aires, 
Argentina, visited the U. S. Naturel Rubber Research Station on January 24, 
1948 for the purpose of discussing guayule rubber production and to obtain 
some gererel information concerning the program of work from both PAIC and 
BPISSAS « Tre verious laboratories, pilot plant, and field plantings were 
shom to Dr. Reichart. Information was obtained from Dr. Reichart that 
about 6CO to 800 acres (irrigated) were then planted to guayule in Argentine. 


However, no vork seemed to be in progress on rubber extraction, but some 
experiments were devoted to cultivation of guayule. 


liiss Madan L. Deven, Soil Technologist, Department of Agriculture, 
India, visited on February 24, 1948, to obtain general information, pri- 
Mearily from BPIS&AS. ; 


Wr. L. Veitzman, Head of the Section of Industrial Plants, Ministry of 
berieulture, Tel-Aviv, Isreel; and Mr. I. Gutstein, Research Assistant, 
Division of Agronomy and Plant Breeding, Hebrew University, College of 
Agriculture, Rehovot, Israeli, visited Salinas on lay 22, 1$50. These men 
Were maxing a lO-month tour of the United States in the interests of agri- 
culture in Israel. Although they were primarily interested in the cultural 
and breeding vorl on guayule under investigetion by BPIS&A, interest was 
also expressed.in guayule extraction and processing procedures. 


‘Mr. J. C. Mathison, rubber planter from Johore, Mealeya, visited the 
Station. in company with tir. “Warren Lockwood, Director, Natural Rubber 

Bureau, Ylashington, D. C., on Aprii l, 1951, to observe guayule culture and 
processing operations. The Natural Rubber Bureau is sponsored by the 
British Rubber Development ‘Board, end its function is to promote the use of 
Natural rubber in the tnited States. Mr. lavhison, in addition to being a 
rubber plantation ormer in Malaya, is also 4 member orf the legislative 5 
comcil ard a board member of the Rubber Research Institute at Kuala Lumpur. 
quisss Tecnologicas, S90 
tebor. 22. 1S, anmeher 


Miss Ff. A. MN. Horfmann of the Instituto de Pe 
n senreh of nev metheds 


> ae, : A a eS wen 
Paulo, Brazil, included the Salinas Laboravory 


tour of varicus laboratories in the United States 
and equipment for application in Brazilian technology. 
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Mr. Rees Davies, Agricultural Attache, South African Embassy, ‘Yashing- 


5 It was Learned that a 


9 ton, D. C., visited the Station on November 6, lol. 

Muriber of expcrimental plots of guayule 
with a view to exploring the potential pos 
Sowee of rubber in tho eve 
Davies indicated that he was p 
developueris, but was pleased to learn of 
and of the advances made with resyect. to rub 


were being grown in South Aivica 
sibilities of producing this 

nt normal supplies of rubber were cut Oi. wire 
rimairily interested in cultural and senatic 
tho oxtraction work in progress 
bar quality improvement. 
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Inquiries were received from a number of foreign countries, or orzan- 
izations representing foreign interests, to obtain information on the 
culture and processing of guayule, and to receive reprints of publications. 
Those inquiries pertaining to requests for seed or the culture of guayule 
were, of course, handled by BPIS&AZ 


The American Economic Committee for Palestine, Inc., New York City, 
for example, requested gensral information on guayule in January 1948. It 
was stated that Palestine had in mind the cultivation of guayule in the 
Negev or the southern desert area of this country. 


Other countries not already mentioned elsewhere in this report fron 


which correspondence was received included Egypt, Germany, Norway, Suwitzer- 
land, and Portugal. 


C. Industrial Testing and Evaluation of Deresinated Guayule Rubber 





1. Preparation and Distribution of Semple Lots 


The enlistment of industrial coop hegeticon in guayule rubber quality 
evaluation was considered to provide the most important means orf supsleiment—. 
ing the work at Salinas, and of assessing the progress that had besn nade in 
a. improvement through the processing of freshly harvested shrub in 
ombination with deresination of the crude rubber, incorporation of antvioxi- 


= and other innovations. 


Various sample lots of deresinated guayule rubber, varying in quantity 
from 5 to 2500 pounds and toteling nearly 9000 pounds, were eee from 
time to time for Cistribution as requested by. different cooperating indaust- 
rial orgetiizations. The cooperating members (listed in Table 5) include the 
major rubber manufacturers, as well as sualier companies, and comprise an 
excellent representation of the entire fmerican rubber industry. 


The composition of the ne Pe arent lots of rubber, together with an 
indication of the purpose of each test, are also shown in Table 5. fypical 
results cf physical tests on deresinated guayule rubber as carried out at 
Salinas are shovm in Table 6. Shrub used for extraction of all the rudter 
samples was of Variety 593. 


2. Jaboratory and Related Tests 








Reports of ose results and related information received from the 
cooperating: industries are summarized wider the cooperating organisation 


headings as Pe 


ae Accurate } Products Company, y, Pecific Beach § Station, San in Diego, Calif. 


~~ 











This company is a small manufacturcr of molded rubber goods such as gaskets, 
hot water bottlos, etc., who became interes sted in the use of guayule for 
manufacture of these products. <A sample bale of dere sinated rubber was for- 
warded on request. Although no written report of tests was recoived, fir. 

J. G. Wilson, President of the Conpany, stated verbally that he was highly 
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Table 5. Distribution of Sample Lots of Deresinated Uuayule Rubber for Industrial Testing and svaluatioa 
: ; Oprub : > Alcohol-*:Hubber : Aaded : ladoney :Deresin-: 
Date : Cooperating Industry sAmount: Age : Ficla : Resin : Benzene :hydro- :Antioxidust ; laL : ation 
: : 2 : : —:Insolubles:curhon_: Pec lens jie ti 
:Pounde: Years: : Percent : Fercent :Fersent: Perceat : : 

12/21/50: Armstrong Rubber Co. : 10” 87 © Spence: 2 aes Ge OM EO O13, ¢ 0.5 Faxed : 102 «6: Worm 
6/5/51 : Accurate Products Co.,Inc.: 45 : 9 :Guidotti: Le . Saas a eT eas 12a eet 89 : a 
4/17/51 : Armstrong Rubver Co, sy Fob EO eee Guidottiy m.cn43 ss WES2 aes aCe OS. > nO = Oma eee Olga i: 
7/23/51 : i" at ub ' 130G 28 / weseSpence 3 1750-2.39:" 3. 30-4555 = —— :0,25-1.38 "+: 9-97 ; " 
8/28/52 : t " " : 1900: 8 3: Spence :1.73-2.36: 4.38-5.61: -- :0.NO-O.67AnW: 92-99 : i 
4/6/51 : Army Chemical Center ee Use Me Guildotti:s mm InS5e tam SO PCR Cm ee OMnoNiDEs Ghee? mee 
12/¢/52 : Carlisle Tire « Rubber Co.: 25: 8 : Spence: 2.0 : 4.8 [202 0] eee mn ORS Anil rs oi 3: tt 
@/25/50 : Firestone Tire & Rubber Co: ela te a ea ee Pe ea Spite ay iss Ga” Sheep eke 97 +: Shrub 
&/8/50 : " " oes Sees ees culdott) (nme. 0 meme os 229 15pm ee ORD aan 98 +: Worm 
2/3/50 : : : 2 ye. sO0 0s @ 6 fb. Seaidot tit oa. 7he 258.5, 71. :he9 2d. s & 7. O.Pk $2 : Shrub 
11/30/50: 4 , : ": 1 gal: (latex) Total solids 51.6 g./100 ml.; ethanol solubles 4.2 g./100 ml. . one 
3/20/51 : " 2 " ae MlO SS Se couitot ti: 6 2,19. 2 2 $60  ~:45758. + .0,41;eBuk 91: Yorm 
4/17/51 : " " " ane 25 ee JeaiouLdot tis $2915": 4.60 SEI aT Das On Diba t 91 : u 
10/29/52: " v o : $625 2 *6. seSpeace =: 2.36 : 5S OSmeESEOl se conse) Alien: 96: 4 
4/26/51 : i se " "': 1300 : 9 °: Spence :1,7-2.3 :.4.2 - 5.2: -- :0.6-1.0 Powh: 90-92.5 : n 
10/28/52: General Tiro & Rubber Co. : 25.2 Seesecpence’ : e205 mas Dave PaO lene One oes me: og : " 
3/20/51 : B. F. Goodrich Co. > ee lOu:@ SeunGuidetti: 2.19 ;: b OOme tele Se) te ORMtEEoNars C1 ees " 
10/eg/5e: " " . . 3 eS +e 6. Seopence’s b is7h.*: © -S270.. 329250. ve 0256pak. St 
6/16/50 : Goodyear Tire & Rubber Co.: 6: 1,0, Pasa ¢ 95 =: Shrub 

i ; , n rt "“ simiscellancous molecular weight fractions 3 
3/20/51 : 7 ul - eg LOC GeescuLdot tis acl ee: 5.60 : 91.8 +: 0.41] PBoa : 91 : Worn 
&/17/51 : " 5 " Wot Bes 1esGeat Guidetti: wee. bie sell. ec. :92.95.2..0.70 *ona : oy a 
6/5/51: " " " "3: 1300: 9 :@uidotti:1,25-2.50: 2.50-4.50: -- :0.0-1.3 +Bua: 90-95.5: " 
10/29/52: oa " " Pet Mest: Ss Sebpenc 2490). 96 0 tue Bel ete 92. 5. 6400. 36 ,onle sg 995; " 
8/5/52 +: General Tire & Rubber Co. : Se Sa a OpenCGN tm caret 5.0 G2. OmetenOe. akan: 94 n 
10/2&/52: E x Us 2D) ee Cae pence. oc Sie:  ICREOL Mes emOzcS AN 8: 99°: i 
7/27/51 : Hewitt-Robins, Inc. fee l1O 2. eet opence tye 1216 95.09 8 5995.70 te U.ola ean t G37 
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Table 5 (continued) Distribuvica of Sample Lots of Deresinated Guayulé Rubber for Industrial Testing and svaluation 




















: ; : sShiub : : Alcohol- :Rubber : Addea > wooney : Deresin-; 
Date : Cocperating Industry Amount: Age Field Resin : Benzené :hydro- :Antioxidunt : luk + ation :;: Purpose of test 


. 























Founds: Years: : Fercent : Percent :Percent: Fercent 5 Hs : 

3/20/51 : Johnson « Johnson : Sa eS Guidotti: "29ts ~5.60 = 9g : C.4] rows 91 : Worm : Lab. test f/adhesives 
11/13/50: incllon Inst. o1 Indus.Res.: Eye : : 15 : Bed to -9ie Os 1.0 rola 3 93 $ i : rundamental properties 
7/23/52 : Nat!1 Bur. of Standards : 60: &@ : Spence : Be) ok 6.0 HAG 5. tear hie 93 : " : Vulcan. characteristics 
4/ig/ug: ™ v : . ; b : 4-5 : Spence : iaisc. samples extracted from different plant fractions : Low temp. " 
8/15/50 : #. J. Voit Rubber Corp. : Hee Cesoulcottis 2,0 -: : ee DOVE BNA 93.5 +: Shrob-: Gen'l] lap. evaluation 
§/2C6/50 : " | We : be te SeesiGul dot id : O765 0: 5.95 wee tem .9, Lone dee 1c2 : Worm 2 a rc w 
9/20/50 : a : " : 2 foe ew Oebtit: 205). 7a be3d eos 12,b. 9 0,9 Lonel « 55 s Nore “3 1 " " 
12/21/50: Frecision Rub. Prod. Corp. : 5: 8 Guidotti: 1.49 ; heel eS Srens ce 0.5 rona : 103 : Worm : Test for use in O-rings 
12/21/50: : . : 5: 8 :Guidotti: 26.48 : 4.89 ¢ 68.6: 1,5 Pana: 36.5. e Nonesee fats Se 
10/29/52: ¥. &. Schenuit Rubber Co. : 50: 8 :; Spence aie 1.8 : 5.1,-5.5 : 92,0 :0.5-0.6 ARW : 95-57.5 : Worm : Pre-test f/airpliane tires 
2/20/53 : : Paes ole ES. & Shence #4. J- 2,52 eu 8,6 8 Le 20,3-0.7 ARW : 93-100.5: # : Airplane tire mfg, 
#/5/52 : iiohawk Rubber Jo. : Ds) 8s Spence oa en 0 7 9220n: O.7 ARW 3: gu : " : Gén'] lab. eveluation 
e/5/52 ; Seiberling Latex Frod,. Vo.: by) SB) ess Spence : 2a : 520 ro GeO 3 O.7 advo: gu : u : " _ 3 
8/5/52 : New York Rubber Corp : 5: 8 : Spence : 235,58: 5.0 = O20Nt Om Eiemes Sy : " : " " " 
8/5/52 : Raybestos-hanhattan, Inc. : Ste G Wassetetieg ZG ap Wie co de ae OS) ne Oe aes cen : us 
&/5/52 +: Hood Rubber Co, : baie Oman Spence; ss 3.25. aeuO 5 92°53 : O15 ARd ¢: O155 anne BO n ‘ 
e/5/52 +: The Okonite Co, : Ss) foe epences!, 2.3 + RG.0 -. 79230 72 76.7 BRK: gu a ee aS ; : 
4/17/51 : Gov't Lab., Univ, of Akron: 25: 9 :Guidotti: 1.91 : 4.6 ». Saaz? 40576 rica: 91 wa ie . x 
u/ig/ug:; " " n u ee 60 : 4-5 : Spence : Misc samples extracted from differeut plant fractions : Low temp. characteristics 
1/23/52 +" " . " mi 250-27 95 sCuidottis@ 2: on a 6.0 eee o eee O5e hte ne 93 east! > Gen'l lab. evaluation 
11/15/51: Sun Rubber Co, Seo S19, 2Guimotti se 1. M2 S 9Seot tee lO Emap 95 aoe ow " : 
Da See Surety Rubber Co, Te 50st 9 rGuidot tise 1625 0 eG % 94s5e: | O75 FBad>s 96 a > Test f/elect. gloves 
9/10/52 : . ¥/ ious) Bt bpencels, 2, 5B) se G22) 5 4) 9) 84> 0.57 AR 3 gy pe poh . 2 
9/26/52 : U. >. Rubber Co, : Pech: BE teopence +4 2.0 3° "Bo Sn Coys by ALG oe] OG) eh : Pre-test f,airplane tires 
Fiepaie nes H y 5) 25001 Te teSpence in'.2.065 s2.3.8 eee ey) RBA 94 : e : Gen'] lab. evaluatiaqn 
10/29/52: " # ue ee Comme Smt SOpenco ss 186 me: BiM7) or - 9227 8° 0255 ARS : 99 : i : Fre-test f/aimlane tires 

mie 2 Waval Rubber Lab. : 60 : iiscellancous samples for low temperature testing 
11/21/52: " : : . im eon, Bm: opence-+) 2,06 seb .u7)) yoy G25 6) and 7 5 etme : Gen'l lab. evaluation 
4/19/45 : Torld Bestos Corp, . eh. 300: : Spence : isc, sammlee extracted from different plent fractions : Test f/dbreke lining 
FBus = Phenyl-beta-naphtnylamine ada = Di-beta-napnthyl-para-phenylene-diamine | 
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Table 6. Typical Physical Test Resuits of Deresinated Guaynle 
Rubber in Gum Formulas 


_ (BAIC, Natural Rubber Extraction and Processing Invostigations) 


Se : 

Minutes cured : SLRSSS ; Tensile 

at 275° Pe : € 500% Blong. 3.C 6C0% Blong. : strength 
PoSele PeSel. PeSele 


Formula p2/ 


30 280 480 2520 
40 420 780 2930 
60 520 1000 3420 
80 970 1040 3245 


Formula ath 


| 25 340 610 2770 
30 470 940 3150 

} 40 640 1270 3720 
60 670 . “1440 3450 

80 730 1510 3410 











1/ Compounding recipes: . Formule A Formula B 
Rubber 100 100 
Stearic acid 6.0 4.0 
Zine oxide 4.0 4.0 
Sulphur 3.5 1.5 
; Benzothiazyl disulfide a aa ce 
Methyl thivram disuifide 7 eee 0.15 
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inpressed with the possibilities of such rubber. Hle became so enthusiastic 
infact, that the company established a planting of guayule with the eritante 
of producing a quantity of rubber as an independent-source of supply for 
their own factory use. 


b. Armstreng Rubber Company, West Haven, Connecticut. Preliminary 
tests on a 1lO-pound sariple of worm deresinated rubber indicated slower curing 
and generally lower physical properties as compared with Hevea. liowever, 11s 
compounéing, the regular ACS #7) and ACS ##2 formulas were used and guayule 
was merely substituted for Hevea in these formulas - apparently without 
attempt to make any specific adaptations for guayule. Thus, it seems likely 
that insufficient acceleration was used in the case of guayule and the latter, 
therefore, suffered in the comparison of tensile values and other properties. 
“ith regard to cut flex and ased modulus, aged tensile and aged cut flex, 
the guayule was shovm to be either better or as good as Jievea in a carcass 
stock formulation. Guayule was inferior to Hevea in heat rise (heat build-up) 
as measured on the Goodrich flexometer. Jt was concluded that the guayule 
rubber would be suitable for use in tire carcasses. 





This Company subsequently participated in Government Tire Test Project 
noy", in which deresinated guayule rubber was compared with Hevea rubber 
with respect to performance and serviceability when used in the fadrication 
of heavy-duty truck tires. A more detailed discussion of these tire tests 
will be found later wider a separate heading. : 


Cue 
atories, Chemical Gerns. Tilis organization was Ginaged in researen designed 
to replace or drasvically reduce the Hevea rubber content of gas mask face 
blanks. Host of their attention was centered around the possible use of 
butyl and GR-S or other s 





¢. Army Chemical Center, Maryland, Chemical and Rediological Tabor- 
* 


ee 














ynthetics. & 5-pound sample of deresinated guayule 
rubber was submitted at their request for evaluation. However, since they 
stated that practical consideration could be given only tc polymers in the 
light of their availability in the foreseeable future, it is doubtful that 
the guayule rubber was given any serious attention. No report wes received. 


A: Firestone Tire & Rtbber Company, Akron, Qhio. A number of samples 
of deresinated guayule rubber were suomitted at verious times, as indicated 
in Table 5. A sample of latex was also included’. This was used for 
electron microscope observation, and also Lor preparation of foam rubber. 

A report of the results obtained on the latex is given under "Latex 
Investigations". 


shrub deresinated and worm deresinated 


A comrarison was made between 
standard test formulas; 


Gtayule rubber. Physical tests were mide on fovr 
MerACS formula; (2) ACS #i-A containing higher stearic acid, (3) tire bec7 
Stock accelerated with NBT (moreapto-benzo-thiavol) accelerators; and (+) 
mp accelerators. Both normal and aged 
ported by the Ccnupany: 





“ tests wore made. The following conclusions were re 


1. Tho modulus and tonsile 
shrub deresinated guayule 
the ,{1xRSS (No. 1 Ribbex 


rubbers wero Lower than for 
cmoked Sheet), a premium grade 
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of Hevea rubber used for comparison.) ‘The worn 
deresinated sample had the lowest physical pro- 
perties. 


2. Properties of both samples of guayule were en- 
hanced by the additional stearic acid in ACS #1-A 
compounding formula to a much greater dezree than 
the #1*RSS, as evidonced by the increased modulus 
end tensile figures. This was to be expected, as 
the deresination would remove any organic acids 
present in the guayule which might normally 
activate the accelerator. 


3. When tested in the tire body stock containing the 
self-activeting MBT accelerator, both the worm and 
shrub deresinated samples responded in a normal 
manner and showed a substantial increase in 
physical properties. 


: 4. Only the shrub deresinated guayule was compared 
| with #1¥RSS in the tire tread steck. The guayule 
mas somewhat inferior in respect to tensile strength 
but was practically ecqual in modulus. The flexomoter 
evaluation shoved that the guayule tread is much less 
efficient than the #1XRGS tread and would produce a 
tire with a hotter running temperature. 


5. The artificial aging tests indicated that both 
samples of guaywle held up equally as woll as the 
#1¥RSS in the ACS, ACS #1-A and tire body stock, 
while the sarub deresinated guayule appeared to be 
slightly inferior to the /1xRSS in the tire tread 
stock. 


6. Summarizing these conclusions, it is apparent that 
the shrub deresinated guayule is superior to the 
worm deresinated guayulo, but is not equal to 
standard smoked sheets. 


Despite the poorer showing of the worm deresinated sample, there scene 
fo.bO NO reason for it degradation in 
the nevly developed resin extraction proceaurcs. 
worm @eresination have indicated that a rubber with Hooney and tensile 
Values equivalent to those of shrub deresinated rubber may be cbtained. 
Aceordincly, a second sample (5 pounds) of worn deresinated rubber was sub- 


mitted for test. Physical properties of this lot was compared with those 


of a 100-pound lot of shzub deresinated rubber and with those of Liberian 


3.inferiority except as caused through 
Turther experiments on 


“Pile Crepe. Modulus and tensile strength valucs were slightly higher for 


the worm deresinated rubber; both shrub and worm deresinated rubbers were 
somewhat inferior to the Hevea rubber. Results of the tests with the tire 


body stocks are’ shown in Table 7. 
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table 7+ Comparison of Worm Deresinated and Shrud Deresinated Guayule 
Rubbers with Hevea No. 1 Ribbed Smoked Sheet in Tire Body : 
Stocks (as reported by the Firestone Tire & Rubber Co.) . 


ee ee ee nae GGA E OL EET Re ee ee re 
worms Cire 9 6O Min. Cures" 90 tins Cure 
od. ©; Hod. @ : eeMod sc) vee 7 
600 % :Tensile: 600% :Tensile: 600 % :Tensile’ 
' Elonge. ¢ ELoNe. * Lone. 
Bae + . 
; Te Srikeued oD sGclto’ | 1D eel epjer De Ss lio GCs Sel Sy De Sel « 


Cured & 260° Ff. 


jormal Tests 


— em +! 


orm deresinated guayule : 1900 : 2525 ; 2700 : 3625 : 2700 : 3650 
Shrub deresinated guayuie : 2275 ; 3375 :; 2625 :; S825 : 2650 : 3725 
Hevea #1RSS erro mes Aelia) Onto * .447995)° S500 ek 4175 
Aged 7 Gays © 158° F. 

worm deresinated guayule ; 2775 : 3975 : 3375 ; 38875 ; 3700 : S700 
Shrub deresinated guayule : S700 : 4075 ; S800 ; 4200 : 3650 : 3725 
Hevea #1RSS et ot AAO cop SO. Allo: im : 3825 
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The 100-pound lot cf shrub deresinaved 

tion of treads on two experi assenger car tires. Hevea rubber com- 
prised half the tread and cuayule the other half of each tire. Road tests 
were made by the Governuent Fleet and wear was checked at 12,305 miles. It 
was reported that the guayule rated 82% of the Hevea rubber for wear, and 
that there was no difference in cut growth and tread cracking. Performance 
Was satisfactory for the total mileage run of 14,494 miles. This was re- 
garded as a fairly good showing and that the guayule was comparable in tread 
wear to the regular GR-S used during ¥orld War Il. 


© 


On the basis of the evident comparable quality of worm deresinated and 
shrub deresinated, a decisio:! was made to provide sufficient worm derosinated 
Tubber for heavy-duty truck tire tests. It would not have been possible to 
broduce such quantities of shyvub deresi nated rubber with the available equip- 
ment, and the early demonstration of high quality of worm deresinated rubber 
labled the track tire testing program to proceed without delay. A 1000-pound 
lot of worm dercsinated rubber was provided the Company ST or ice hw aye ok 

report of truck tire tests is given elsewhere. 


@. General Tire ¢ Rubber Cowrpany, Akron, Qni0- A 25-pound saaplo of 
Worm doresinnited puayule rusver was provided ofis Company in october 1°58. 
wmlis was tested in a typical natural rubber carcess compoundins recipe by a 
(xo. 3 Ribbed Groked Sheet) 
Morrnelly used. In one case, stearic acid was increased in the formula to 
compensate for the fatty acid doficiency in the deresinated guayule. 


Results of physical tests were summarized as Collows; 
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1. Deresinated guayulo has the somo cure rate as 7#SRSS 


in a carcuss recipe. 
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Sates 


2 : tq Shr 
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| ®. the guayule has approximately 250 pounds per squars 
| inch lower riaximum tensile strength than #/SRSS in 
i carcass stock. 


ai 
Poe 


ras se SA 


; 
. S. The guayule carcass stock has higher tear resistance 
than the ;;3RSS carcass stock. 





4, The guayule carcass stock has better aging properties om 
‘depicted by higher retained tensiles after oven aging. oe 
5. Increasing stearic acid in the guayule stock %o0 6.0 ae 


parts has no beneficial effect. 
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ch a ; 3 Mis 





6. Tac guayule had a Mooney viscosity similar to that 
of the #3288. 





The conclusion was @ravm that "the deresinated guayule is a high grade 


_* 
ip 
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form of rubber hydrocarbon, suitable for cercess stocks". ze 
Ne 
Pee Be Fe eo Conpany Re Research C Center, Brecksville ec, Qhio. A 20- 7 








physical Pe otehtick with those of a tyvical grade of natural rubser, in this 
Gase a technically classified Hevea designated as "Yellow xX", according t 
the French system of classification. It can be considered as being equivalent 


ay 8 ee 


‘to No. J Smoked Sheet in this study. Both gun and carbon black compourcins 
formulas were used. 


pound Sample of ““deresinaved gfuayule Tubber was tesved for comparison of 


When compound recive acjustments were made to compensate for the absence 
of fatty acids in the guayule, vulcaniza tes of excellent quality were ob- 
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tained having stress-s sprain properties nearly equal to that of the controls. 3 
The guayule stocks were somewhat inferior with respect to hysteresis and the * 
carbon black gueyule stock was somewhat poorer in resistence to flex cracic- = 
ing than the control. Stocks of both rubvers behaved similarly on soe: le; * 
except that the modulus of the guayule gum stock remained nearly constant 3 
whereas that of the control increased. 4 





3 
The rate of breakdown of the crude guayule rubber on mastication av 
150° GC. was appreciably greater than that of the Hevea ruober. 


ti Yaka 
EL 


a lot of deresinated fuayule was supplied to 
the 8. ¢. Goodrich Company for preliminary sesting in airplane biro Cut — iS 
stock and tread stock. The conclusion veported Was that “gonerally spew ? 
the deresinated guayule supplied was fount to be ne carly equivalent to 
#2NSS (Ribbed Guoked Sheet)". 
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In another investigation, 
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: “yi 7% lar wairht cote 
@&.- Goodyear Ere & Rubber Company, _Abmon, Ohio. fpolecular weighs Cor: 
1 Were made with pale crore, smoked 
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parisons of deresinated guayuie rubbe ® 
shect Hevea rudsbers and GR-S. Calculations of molecular weight 
Bros intrinsic vi of benzeno solutions. Tho results are 


> 
seosity measuremcnts 
reportied in Table 8. 
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Table 8. lolecular Weight of Deresinated Guayule Rubber as Compared 
with Hevea and GR-S (Goodyear Tire & Rubber Company) 
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“3 

; Intrinsic viscosity: Oaleulated Polecular vermis 2/ 2B 

Sample ; 4-pass ; -lO-pass : 4pass; 10-pass : A 

> milling ae ek tas milling : milling ay 

a i £ 

Guayule ee Se Le : 2.01 : 491,000 : 254,000 i 
: oe 
ees. oe 

Smoked shect : 3.04 : 2.64 3; 472,000 : 582,000 oe 
Pale crepe ; 5.62 : 2.00 3 614,000 : 521,000 g 
: 4 

GR-S : (1.8-2.0) : : (215,000 to : a 
252, 000) =) 

ci c j 
1/ From the Scott-Magat relations for Hevea: Log it = A200 +7). LOE in) + 
in which M = number average molecular weight and (n) = intrinsic 3 









Viscosity. 
2/ Some gel still present after four passes. 
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These resuits show that guaynle has a molecular weight ox the same order 
of magnitude as Hevea. The 1l0-pass milling resuls indicates that the guayule 
may wadergo e faster rate of breckdown than pale crepe or snoked sheet. 


if 
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Dynemic tests were also made cn vulcanized test pieces using compression 
vibrations; 60 cycles per second. The dynemic stiffness of the guayule con- 
pound was practically identical to that of the Hevea compound, but the inter- 
Nal friction of the guayule was considerably greater so that the resilience 
was lower - causing greater heat generation. in gun stocks, the resilience 
for Hevea and guayuie were 58 and 47.9 percent, respectively. For tread 
stocks, the corresponding figures were 53.2 and 26.8 percent. Efforts were 
then made to measure the dynamic preperties of raw guayuLe in special equip- 
ment devised at Goodyear. To improve adhesion of the specimen used in the 
bests, guayule was masticated. This gave poor dynaniic values. The resil- 
lence was resorted as only 22 percent. This may have been due to excessive 
breal:asym on mastication. Infrared exanination of the masticated raw guayule 
showed mronsunced evidence of oxidation, the CH end CO vonds being quite 
Moinent. Direct analysis for oxygen gave an average value of 4.6 percent. 
this is surprising in view of the fact that it is kaom that the absorption 
of as much as 1% oxygen will cause crude rubber to becume prac tically fluid 


aid thus completely degraded. 
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9 It vas also thought that heat build-up in miayule might be causod by ites 
J warticular molecular weight distribution. Jn order to obtain further inforn- 
ation cn this point, several molecular weight Tractions of the yubber were 
Prepared by fractional precipitation with acetone from benzene solution in- 
Cluding (1) a high molecular weight fraction; (2) a low molecular weight 
Maction; (3) an unfractionated undisselved con trol; and (4) an unfractionated, 
dissolved, end precipitated control. ‘These samples were tested without 
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mastication to deteriiine the dynamic shear modulus, the internal friction, e 
and the resilience. Results are shovm in Table 9. ie 
~ 4 

Table 9. Dynamic Properties of Raw Guayule end Hevea Rubbers ee 
(Goodyear Tire & Rubber Company) s 

: z 

lee: ;, Djmemic : : z 
Materials : Shear ; Internal  spesilicnce 4 

:  hicdulus ., Friction , ¥ 

:-Kilograms/em® silopoises :; Percent £ 

Raw guayule rubber 5 
High molecular weight fraction : 4.46 : e004 : 74.8 % 
Low molecular weight fraction : 3.40 . e715 : 60.2 x 
Dissolved, unfractionated : 4.51 : 642 : 70.8 5 
Undissolved, unfractionated > 424 : 628 : 69.9 “g 
Hevea smoked sheot eae 4250 el. 7406 bono % 
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These data show that guayule has dynanic properties similar to those ofr 
the Hevea semnle,; with the hign molecular veighnt fraction being superior to 
the lov molecular weight fraction. Subsequently, these fractions and controls 


were compounded in tread stocks and di:manic properties were determined on 
the vulcanizates. ‘he results are shown in Table 1C. 


‘ey 





Table 10. Dynamic Properties of ti Stocks of Guayule and 
Hevea Rubbers (Goodyear Tire & Rubber Company) 























Ee 
: Dynairic ° : * 
hey Internal ie zs 
Materis : mporession ; :Resilience 

Materials ; Compr s cee : 
: hodublus : 3 - 
; ‘Kilegrans/en -ilopoises ; Percent a 
Guayule runoer ce 
Low molecular weight fraction : 167.4 : 56.8 : 27.8 °; 
a 
lich moleculer weight fraction : beavis : 67.7 : 27.6 . 
f 
re : © ‘ 
UWidissolved, unfractionated : LO COL eS: 69.2 : 31.0 j 
3 
. ° cs in 5 . >) 2, . . is 
Dissolved, unfractionated : 105.8 : aa > 30.3 
Harlicr tests : 

Hevoa : le : 55.8 : 53.2 
: Per : 66.2 : 26.8 3 
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As in the case of the raw rubbers showm in the preceding table, the 
wleanized stocks of guayule conpared much more favorably with Kevea than 
in the carlier tests. 


A 25-pound sample oF deresinated rubber wes submitted to Goodyeur for 
the conduct of tests preliminary to experimental manufacture of nassenger 
tar tires. In these tests a carcass stock formula was used. Hevea/GR-S 
nixtures and Guayule/GR-S mixturegy were used as well as a Hevea control. 
fitimate tensile velucs for the guayule were over 4000 p.s.i., which appeared 
to be the highest reported by any of the industrial cooperators, and were 
essentially equivalent to corresponding valucs for Hevea. The guuyule was 
superior in the cold rebound test but inferior in the hot rebound tcost. In 
tho Goodrich rlexometer test guayule was indicated to be inferior to Hevea 
with respect to heat rise. The 50-50 mixture of guayule and GR-S, hovever, 
fad no higher heat rise than the 50-50 mixture of Hevea and GR-S.: The sig- 
‘nificance of the flexometer tests in this case is uncertain. [t was thought 
that the extent of mastication during compounding affected the heat build-up 
a8 suggested from the results of previous wer!:. However, information obtained 
later on this point indicated that the Hevea and the guayule received the 
sate (Minimum} mastication. Guayule was shcovm to hold up as well as Hevea 
in an aging test. 









) h. Government Laboratories, University of Akron, Akron, Ohio. A group 


Of guayvle rubber sainples was submitted to the Government Laboravcries for 

the investigation of low temperature properties, following a suggestion by 

kr. John Caswell that guayule, by virtue of its lower molecular weight, mi cht 
be better suited than Hevea rubber for service under low temperature conditions 
such as exist in the Arctic. The results of this study are reported under a 


‘Special. heeding. 


. Further evaluation of deresinated guayvle was meade in comparison with 
Fevea rubber. Both materials were compounded according to gum, tread, and 
Carcass type recipes. Certain synthetic polymers were also included for 
test in the black stocks. 


In the gun vulcanizates, it was reported that the quality of gnayule 
approached closer to Hevea than in either of the other two types of stock. 
less than 10-nercent differenco existed in cithor their isaximum or average 
tensile strength values; and no significant advantage is shown for Hevea in 
MMMM foricis or cus-erowth properties. Rebound data favored Revea corn 
Pounds at roo tenperature, bub’ almost identicat rovoUnds Wenge aye Se 
12°F. The low temperature flexing characteristics of the two canpounds 
“ere Similar. 


ruayule ccmpound extruded better thin did 


In the trend tyne recipe, the A 
y from tie 


re 

the smoked sheet. This is an important advantage in processibilit 
' Standpoint of the rubber manufecturer. The tonsile strength of the guayule 
Jin the trend stock averagad @2 percent-:as hich as those for Hevea. OUh 

GPowth resistance values were equivalent. Rebound values were highest for 

the Bevea. Low temperature flexibility tests ind oatad slight superiority 

for tie Jievea only during; the initial stages of stiffening. Abrasion resist— 

ace of the two rubbers was equivalent although much inferior to that of 

Cola GR-S. 
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In the carcass compounds, the Hevea vulcanizates yielded outstanding 
yalues for stress-strain, hysteresis, and resilience. Gut growth .resistance 
and percentage retention of room temperature tensile strength at 212° fF. wors 
equal for the Hevea and guayule compounds. 


It should be pointed out, however, that the comparisons between guayule 
and Hevea in this study are not based upon an exhaustive compounding investi- 
“gation. Only cne formula each for the gun, tread, and carcass stocic was used 
end the only apparent difference in the recipe used for guayvle, as compared 


with that used for Hevea, was in the amount of stearic acid. This can hardly 


be expected to bring out the best properties for fuayule rubber under all 
conditions, although an atterpt was made to provide data for comparable 
‘states of cure. In later work, the Government Laboratories reported that 
‘slight changes in the guayule recipe produced comparatively large changes in 
physical properties. 
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ates a large plent ror the ceresination cf Balata, Gubta Percha and kindred 
gums. Because of their experience in this field, they became interested in 
the deresinetion of guayule rubber and expressed a wish to cooperate on this 
_problein. . 


i. Hermann tlebor & Company, Inc., Hew York, N. Y. This company oper- 


SA fresh lot (anproximately 15 pounds, dry pants of resinous rubber 
Worms, submerged in water, was shipped to New York for trial of tne Hermann - 
Weber & Co. process. & letter of information accompenied the shipment whicn 
mpointed ovt that the worms must rot be alleved to dry before deresination in 
order to avoid degradation and difficulty of solvent extraction. 


a 
id 


Kr 


No detailed informntion was received concerning the process of deresin- 
‘ation that was used. The folloving is quoted from a letter of September 18, 
1951 from Mr. C. E. Wegzenn addressed to ir. C. F. Spoh, Assistant Chief,Aic: 


“wsing cold acetone, we made four extractions of twelve hours each, 
after which the rubber was allowed to dry and all traces of the 
acetone removed. This rubber was milled up and 1% of AgeRite 
(antioxidant) included. This was the last sample submitted and 
of this quantity we still have on hand a balance or seven pounds." 


The first sample of deresinated rubber that was received from herman 
Weber & Co. apneared to be badly degraded. our analysis ee the following 


fissures: Bthauol soluble resins) 2255/ 
— a 
Ethanol and benzene insolubles 00 77% 

ire 


4rocarbon (direct determination) 85.57% 


Rubber h 
The low content of resin indicates that a reasonabiy satisfactory de- 
Pesination was accomplished, although our value may be somewhat inaccurato 
due to difficultics in preparing and handling the sticky sample. The rubber 
hydrocarbon content is considered low since we usually expect around Pe per~ 
cont in nos with a cowvarable content of resins ani insolubles. 
the low rvobee hy@rocarben content (as determined by the bromination mat hod ) 
is due to oe Corradcea condition of the rubber, 1-e., savciat oxidation th 


gee ious that some means of pro- 
resulted in 2 low brominasion value. It 1s obvious that some mc p 
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tecting the material would have to be found before the product could be 
gnsidered acceptable. 


Jpe second sample of deresinated rubber, which is referred to in the 
above quotation, was much better in eppearance thon the first one and did not 
exhibit the extreme stickiness of the latter. However, the material was much 
gfter than our product as shovm by the very low Mooney viscosity value of 
Meeour deresinated rubber usuelly has a Mooney value of 90 or above. This 
gftmess is probably dus to degradation at sorie point in the process. The 
completeness of deresinaticn was not as good as in the case of the first 
sample but might still be considered fair. Our analyses follow: 


Ethanol sclubles (resin) 4.01% # 

Ethanol end benzene insolubles 5.16% wee 

Rubber hydrocarbon (direct determination) 90.45% ° sf 

Mooney viscosity (iL 212°F. at 4 min.) 28 % 
| je ewitt-Robins Inc., Hewitt Rubber ts vision, Buffalo, N.¥. A 10- 
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si 
“pound Semple of deresinated Zuayule rubber was tes af ae oo this company with a 
viey to determining its suitability for use as a na ural rubber in top qualit 
prttor ¢ belt cover ccmvovnds Such a stock yery similar to a natural 





s 
° is 
fubber tire tread stock, and is comparable in resistances to abrasion, tensile 
properties, elonsztion, etc, It contains 40 parts of carbon black. A gun 
fecipe vias also used in compounding for comparison with Hevea rubber control fe 
The grade of Hevea rubber used was No. 2 Ribbed Gaoked Sheet. 


It was concluded that the guayule rubber appeared to be very similar to 
the Hevea control in all of its properties, when the cure rates of the 
materiels and variatiois in physical properties of Hevea from shipment to 
Shipment are given consideration. : . 





The gueyule had a slightly slower curing speed than the levea under 
Sitiilar conditions. It was remarked that "The ca submitted represents 
the best quality of deresinated guayule which has to my attention during 
Me vears in which the writer has been associ Lav a nen the rubber manu- 

7 2 
facturing industry". 
k. Johnson & Johnson, New Brunswick, New Jersey. AePepenny ae 
Sent to this co:pady in response to their request due to their interest in 
levesireted rc Hevea rauvber in the production or 
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SWsical adhesive tapes. Their report of January “), 1952 stated that while 


i- 


i 
| 
i 
t 
> By 
the der esinated suayule was suostantially better than the resin-cecntaining ; 
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p Getyule which they had previously had experience with, it still did not con-— 
pave favorably with Nevea rubber. Mo further information was reported. 


earch 


1. bollon Institute of Industrial Research, Pittsbursh, Pu. A res 
Re 23er Vc, became 


a Oe a 


Wit et this orsani “zation, sponsored by the Office of Rubber 
Interested in guayule Ee: im connection with the conduct of fundanental 
Studics on tho relationships between tho molecular structure and physical 


MPopervties of synthetic ruvbers. 





A sample of deresinated guaynle rubber was furnished for compswison 
Mth other rubbers. Perec anitely. very Little work was actually performed . 
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However, the infrared spectrum wes reported to be identical with that of 
Hevea. This is a confirmation of previous findings with gueyule rubber. 


m. National Bureau of Standards, Washington, D.C. Various cooperative 


tests were wade by the National Bureau of Standards. One of the firss pro- 
blems to be investigated was the incorporation of GR-S with guayule. 





{Poe piaspyd atte. 
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GR-S is inferior with respect to the highly cesirable property of tacki- 
ness in relation to proper adhesion of ruboer to fabrics such as in tho 
“manufacture of footwear, belting, anc tire sidewalls. Guayule rubber, on the 
other hand, is comparatively quite tacky and it was thought possible to 
jimrove the tack and possivly other properties cf GR-S by the incorpcraticn 
of a certain amount of guayule rubber, 
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i seh, sho 
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GR-S and guayule latices were used in this investigation. A progress 
report indicated that it was first necessary to study coagulating character- 
istics of these latices anc of their mixtures. Zinc acetate was found to 
serve @s a good ccagulant without having degrading effects. The additicn of 
protective colloids, such as sodium alginate, to the latices berore addition 
of the coagulant produced a coagulum with a crumd structure which favored 
More rapid weshing and drying. 
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] : ‘ fn instrument desigmed to measure tackincss was constructed, but it vas + 
found necessary to devote considerable time to standardization of procedure = 
in order to obtain reproducibility of measurement. No definite conclusions = 
were rcached before the work was curtailed. i 

ee 

Sore cooperative work was done on the analyses of guayule rubber samples = 

for content of trace metals in order to eveluate the suitability of existing x 
Th ulis rreement by the method in S 


analytical methods. 
use at Selinas; and 


its indicated good ar 
= 5 c 
not result in loss of m: 
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2 S ; 
shat the procedure of ashing samples in the furnace does 
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A sanple of deresinatcd guayule rubber was supmitted for trial in wort 
on the impregnation of sole leather for shoes to improve wear and moisture 
resistance. In these studies, solutions of various rubbers were used to 
impregnete the leather. it was concluded from preliminary trials with guayule 
that this product would probably not serve any better than Jievea rubber. 
However, since the ruvoers rust be broken Gorm catalytically to a point where 
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Mefentented benzene solutions of low viscvsity can be made, it is possible 
that the cuaywle might offer an advantage with respect to rate oF Dre Sei 33 
In rubbor-inpropmated leathers, water abvsorpvion is about one-half of that : 
of wntrested leathers -— ond wear is inereased 75 to 100 percent. % 
An investigation was s:.de of the vulcanization characteristics of Ae 
guayule rubber through measurements of strain at 100 peunds per squire inch. 
) This showed that the guayule vas similar to other rubbers, boti si and 
2 


synthetic, in that the relationship between cure time and strain Hee ae 
represented mathematically by the equetion of a, rectangular hyperbola of the 
form 
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yhere t is time of cure, and E is the elongution caused by a predetermined 
siress based on the cross section of the unstretched specimon. The symbols 
fp and Bj, are constants deternnining the position of the asymptotes for the 
hyperdcla; and k is a constant detcrmining the curvature. 


The vulcanization characteristics of guayule rubber were determined for 
four recipes yielding a wide range in the rate of cure. For test purposes, 
40S #2 recipe was found to be best of those studied. 


nN. ‘The Surety Rubber Company, Carrollton, Ohio. -This company expressed 
an interest in testing deresinated Suayule rubber in the fabrication of 
electricians' or linemans! sloves. Such gloves must be very durable and have 
high insulating qualities. Natural rubber is required for their manufacture. 
Gloves made from guayule rubver were compared with standard Hevea gloves. 

The reported results are shown in Table ll. : 








Table 11. Comparative Ele&trical Resistance of Guayule 
and Hevea Gloves (Surety Rubber Company) 




















: : Pest Voltase 
Materials : err an re e 
| : : 16,600 : ~ 16,000 
) Hevea control : 74 -S M.A, leakage ; 10 - 12 M.A. leakage 
Guayvle No. l $ 5 ton 1" : 7 not " 
Guayule No. 2 $ 5 non " : OM MH tt 


Guayule No. 2 blev oub at 20,000 volts. 
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Considerable enthusiasm was expressed over the low leakege values shown 
for guayule. The blov-out which occurred with the No. 2 glove was said to 
be probably due to insufficient acceleration in the compound formula. The 
desirability of conducting fprther tests was indicated. 





0. W. J. Voit Rubber Cornoration, Les Angeles, California. This 


organization madutactures DaskebbDalls, LovtbLalls, and other sporting goods 


; 2 : : ears ee Se Ne ee Los 
Od tire repair waterials, including camchLuacn. 





A semple of shrub deresinated guayule rubber was tested as a replacement 
for washed smolced sheet Hevea (29% of tho total hydrecarbon) in a camelback 
Cushion compound. It was found that the cusyule handlei very well on the 
Compounding; mill, being similar to the plasticized wishod sheets in thi 8 
Mospect. ‘The rate of cure slopes Were equivalent and the stress-strain 
Properties were similar to those of the wiened sheets. The guayute had 
\gpracticelly the same amount of tack immediately and 24 hours after milling. 


ms 


e) 


IaAter, samples of both resinous and deresinated rubber were requested. 
These were prepared with an addot non-staining antioxidant, as would be 


| iY ri y eco Ss 
requived is tho wraufnacture of light-colored balls for sporting goods. 
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“These samples were tested in a ball fabric friction emrmpound. In this, 


smoked sheets were replaced by guayule on a direct hydrocarbon basis. ‘fhe 
composition of the friction compound comprived 25 percent No. 1 Ribbed 
Smoked Sheet, 25 percent GR-S and 50 percent reclaim. 


It was reported that the deresinated guayule replaced smoked sheets 
without a significant effect on stress-strain results. The resinous sample 
pave 2 compound having slightly lewer modulus and tensile, and slightly 
higher elongation - but the differences were considered barely significant. 


The resinous guayule had the same hot tack as the smocked sheets; however, 
the deresinaved sample showed reduced het tack. 


In the opinion of Mr. G. W. Miller, Chief Chemist, there would be no 
advantage in using deresinated guayule for compounds such as, friction where 
subsequent fabrication requires ee building tack. 


p. American Scciety for Testing Laterials, Philadelphia, Paes <A repre- 
sentative of the Salines Laboratory - Was Continuously associated i with 
Committee D-1l1 (Ruober and Rusber-Like Vateriels) of the-American Socicty 
for Testing Materials. iiembership was held on eight sub-committees: 
Mee Pnysical Testing; XI - Chemical Analysis; XII - Crude Natural Rubbo 
XIV - Abrasive and Tear Testing; XV - Life Tests for Ruvver; XVII - Tes 
for Hardness, Set, and Creep; XXVI - Processib: y; and XXVII - Test 
Pesilicnce. The Salinas representative was Chairman of Sud-comnaittee XX\ 
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Active participation in the ASTM has aided the laboratory materially. 
Tt has enabled the personnel to kee east of the activities of industry, 
has aided in acquaintins industry witn some of the accomplishicnts of the 
laboratory, and has been Airectly respens ible for much of the cooperative 
work done by various industrial organiz ations. 


The mejority of the improvements made in physical testing techniques 
and testing eguiprent heve resulted from penefit of discussions of the probd- 
lenis involved in the above-mentioned ASIN sub-ccimnittces. The more important 
of these imvrovements cencerned the determination end effects of moistwre tn 
erude rubber and rubbe compounds, determination of dirt in crude rvober, 
compeunding end curing procedures, anda stress-strain testing technicues. 


‘ 





Be iscellsnoous Lar fn addition to ‘the interest Suc wm by 
‘ ih fSal of euayule rubber, some interest also 





SMAUSESY 12 bis 4 eo 
Be ioped in connection with ‘the testing of byproducts of guayule procousing. 
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+ « 3 
The Texas Agricultural Experiment Station conducted cattle ane s 

vy o ’ Vey 2: Cr On he nerbpoiL- 
feoling trials with sauples of cee leaves as ee ae ae gOg ae etc 
ie step of the yobbic milling process. he leaves co nbai ne 1 TV oe 
about 9.4 varcent protein. eaten, the livestock refused to eat tho leaves 
even when mid xed with other feed. Thus, it was reported that guayuwle leaves 
were not considered sufficiently palatable to mako them of practical value 
as a livestock feed. 


supplied with samples of guayule 
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Several firms and indivicuals ; 
deresination. Armour & CO-, 


rasing obtnined in connection with worm rubber 
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‘(hicago, Illinois, requested samples with a view to the investigation of 
gartheniol as an organic intermediate. The Harvel Research Corporation, 
Irvington, New Jersey, showed an unusual interest in the resins and expressed 
the belief that this byproduct had commercial possibilities. Information as 
to large scale availability and price in ton lots was requested by this 
organization. Althoush several samples (cne of 5 gallons) were forwarded at 
different times cn request, no ocean of tests was received. The Harvel 
Research Ccrporation is a research laborstory which coe into the develon- 
‘ment Of potentialities cf various materials, and appears to be associated 
with the ee tneton fe end Insulation Co., also of ere New Jersey. 





Mee H. S. carter, RFD 7-4, New Lonaon, Conn.; Mr. George VJ. Sherman, Box 
690, Akron, Ohio; and Lr. 5. a - Engel of Industrial Tape Corporation, New 
Brunswick, New Jersey, were each furnished small samples of resins on re- 
quest. No reports were received. 


% low Temperature Evaiuation 


During thes latter part of 1943 tir. John Caswell, who was then Assistant 
Chief of tne Rudder Division, Office of Domestic Commerce, Department of 
Commerce, became interested in the possible value of guayule under Arctic 
conditions, and sugsested that aporopriate studies be undertaken. The theor 
Was that gueyule rubber, particularly as extracted from young shrub, was He 
comparatively lcw molecular weight and that, accordingly,. it would have 
lower freeze point than Hevea rubber. The Navy was interested in service 
conditions as low as -S5° i¥., and other services so as low as -G0° F. Work 
On this probien was undertaken by the Government Labovatories, University of 
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Akron; the National Bureau of eee: and the U. 5. Haval . Se Labora~ 
tory at Mare @ [siand, Calif unser products ror wnich good Low temperature 


properties are vital ie eee gaskets, engine mountings, linings in 
sélf-sealing gasoline tanks, etc. 

Typical 3- to 4-year-old shrub was used for preparation of the rubber 
Samples. The plant material was fractionated before milling into tips, 
branches, and roots, in order to accentuate molecular weight differences 
within the plant as much as possible. In addition, whole shrub rubber, both 


Tesinous and deresinated, were included. Guayule latex rubber was also sub- 
mitted fcr these tests. Rubber ex Puaceed from the separate plant fractions 


Was not deresinated. Differences in molecular weight anong the aifferent 


sannles were not as ereat a3 nad been anticivated, The psnee in molecular 
Might, as dcternined by the solution viscosity method, was fron 122,C00 ihepe 
tip rubber to 146,000 for deresinuted rubber from whole shrub, (whose Piguves 
Ore of relative significanco only and ees os e compere! with riguecs com- 
monly reported for Hevea and other rubbers.) Differences in resin content 
were superimposed uvon differences in ft solecular weight in cyvaluation of low 
temperature cnaracteristics. Controls of natural rudber, GR-S and poly- 


Qtodione were included in the tests. Both gaz and carbon black type vulcen- 


lates were preparcd. ~ 


The Government Laborotories reported, as shown in Table 12, that the “ 
freeze point value for rubber obtained from the root fraction was tho Lowest. 
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Table 12. Freezing Point Values for Guayule Rubber 
in Relation to Fraction of Shrub 
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whole shrub, resinous: 58 Fe 
Whole shrub, deresinated ; 56 


Tips of shrub 57 
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However, molecular w ae apparently did not influence the low temperature 
Properties. Yulcanizates cf the deresinated guayule and Hevea rubber had 
identical freeze points. Tt was therefore assumed that the resin content or 
the guayule influences the low temperature properties inore tnan dees tho 
moleculer weight. This is in accord with a statement made by Dr. Bextedahl, 
of the jiational Bureau of Standards, to the effect that in dealing with 

linear polymers such as naturel rubber no eee change in physical propertiss 
correlated with molecular weight were observed until the molecular weight 


was reduced to about 10,000. 





7. 


Tests made at the U. S. Naval Rubber Leboratory on compression set of 
resinous guayule rubber in comparison with Hevea rubber led to the conclusion 
that the guayule has no better low tenveravure resistance than Hevea ruober, 
and that neither is as ‘sood as GR-S compounded for low temperature service. 


4, Truck and Passenger Car Tire Tests 
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enfor car tires, using déresin: eh muayule ruober, were poe. iy Uise % 
Gynthotic Rubber Division (formerly the Office of Rubber Reserve), Recor % 
struction Finance Corporation, with throe vire echt The Fire Eee ‘ 4 
miee & Rubber Ceo., Akron, ohio, she Goodyear Tire & Rudder Coe ne UAlo, ? 
ang the Arastrongz Rubber Co., fest Haven, Conne, were neLuded an Sia Bee 5 
groan. The objective was to determine quality and serviceability of deresin- 4 
ated yuayule rubber,as developed and improved by the Bureau of Apricultural i 
and [ndustrial Chemistry, for the carcass stock of tires in conparl son ee 3 
Hevea rubber. fvaluaticn of the performance of puayule in Peaneeers Hues $ 
tires was of special importancs, since natural yubder 13 es any as ee ye 3 
critical purpese decause of tho heat build-up fausvor in the carcasses of 3 
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large-size transport tires. Approximately 4,000 pounds of deresinated 
pape rubber were prepared for this purpose. 


The first set of tires was fabricated by the Firestone Tire & Rubber Co. 
These were heavy-duty truck tires, size 9:00 x 20, 10-ply rating. Three 
different carcass compositions, and three tires of each, were used for com 
parison with three standard tires with 100 percent ievea carcass. The differ- 
mt carcass stocks included a blend of 45 parts of guayule wits 55 parts of 
QRS Synthetic, and a similar blend of Hevea enith synthetic, in addition to 
the 100 percent guayule carcass. Treads in all cases vrore "cold® G2-S. Road 
fests were conducted by the Government Tire Test Fleet at Camp Bullis, san 


leet 


Mnvonio, Texas. Tire leads, using gravel ballast on the trucks, were 145 


percent of tne recommended maximum to increase the severity of the test. 


The results of the first truck tire test, conducted durin .@ the summer 
amd fall of 1951, were of outstanding significance. It was shoum that the 

100 percent guayule and 100 percent Hevea carcass constructions were equal 
In durability; one tire of = ch was still running at 50,906 miles when the 
test was discontinued. Based cn the average miles to fuilure of the other 
wo tires of each construction, guayule might be considered slightly superior 
toHevea. Both guayule and Hevea blends with synthetic were inferior to the 
100 percent natural rubber constructions, but were equal to one another in 
tradility, based on average mi ile es to failure. 

The tires were fitted with thermocouple wires which permitted mOASULE 
tents of tesperature to indicate relative heat build-un. The 
Mg synvhetic blends had the highest running tomperatwre, while 
tent Hevea end 100 percent guayule tires were essenti S 
treads on the 100 percent natural rubber carcasses were approximatel 
i resistance to cracking on both guayule and Hevea tires, with a slignt 
advantage in favor of guayule. 
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A swmarized tabulation of ths road test data is shown in Table 13. 


A second heavy-duty truck tire test, using tires fabricated by the 
Amstrong Rubber Co., and foblowing the above-described pattern was incon- 


tlusive. For unimovwn reason Scns ati res eso guayule runpber failed 
because of eee separation at extremely low milcoages; in one case at only 
6 miles, Ris test was choduled to be Poe ated and a second batch of 
1500 ras of deresinated guayule rubber was furnished for the purpose 
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a 
= Table 13. Summary ot Results of Hoaa Tests on Heavy-buty Truck Tires Using Deresinated Gueyule Rubber in Comparison “ith Hevea Rubver 
> Tread : Tread Cracks Carcass Average : luiles : 
Composition ot tire carcass : Wear : to rabric viameter Tire : to : Remarks 
Inches  Iaches % che 
Hevea, 100 perceat 
Onn) : 4 12 221 31,976 : Body break 
NO co : 100 : 2 5 3.01 221 50,900 ¢) Still rucaing at’ end of test 
No. 3 : 4 16 225 34,983 : Tread separatioa 
Bevea/vR-S (55/45 blend) 
No, 1 : 5 & 227 20,574 : sody break 
ifo. 2 : 98 4 16 3.62 227 24,615 : Body break 
No. 3 : 4 12 232 24,244 +: Body break 
Guayule/ur-S (55/45 blend) 
Ho. 1 : 5 mil 232 22,814 : Tread crack separation 
fo. 2 : 96 1 1 3.52 232 14,446 =: Body break 
Yo, 3 : 4 31 233 31,788 : Body break 
Guayule, 100 percent 
No. 1 : 3 11 216 34,72C +: Body break 
vo. 2 eC) 4 10 2.89 221 50,900 : Still running at end of test. 
S055 : 4 15 227 38,743 =: Body break 
Project "Bz" Average Temperature (aes 
Construction Rayon — highway tread liaximum Temperature 1ORSE RY 
Size 9.00-20, 10-aly rating Minimum Temperature 21 oer 
TYheel Position near alternated Duratioa of Test 92 days 
Load 5,000 pounds Average wet miles per Tire 2,294 
Inflation 65 pounds Average total miles per tire 31,720 
Route 92% pavement - 8» gravel first 7,000 miles 
cS 100% pavement thereafter 
i) Speed 45 .P.4. pavement — 30 l..F.H. gravel 
' 
a 
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Passonger car tires, 7:00 x 15, 4-ply rayon cord, were manufactured by 

‘ the Geodyear Tire & Rudber Co. and taccad by the Bee ners Tire Test Fleet 
Nin the spring of 1952. The same experimental plan was followed as in tho 
ease of the truck tires. Unfortunately, however, any attempt to evaluates 
| “earcass durability would probably not be valid because most of the tires 
'. were worn to fabric before the test was completed. Only two tires, one of 

the 100 percent guayule group and one of the Hevea/GR-S blends, suffered 
Carcass failure. Tne "cold" GR-S treads were staved to have been mors r 
Bistant to treadvscar on the Hevea carcasses at the time the testing was” 
discontinued (23,201 miles). " 
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|= The U. S. Air Force, “Wright-Patterson Air Force Base became actively 
interested in deanustines tests with airplane tires, following the excellent 

| showing made by deresinated guayule rubber in the first truck tire test. 

I Tutensive efforts are being made by the Air Force to relieve this country's 

7 dependence upon imported Hevea rubber, since airplane tires must be fabri- 
cated entirely of natural rubber. After considering the problem of testing 

| the guayule rubber with a number of airplane tire manufacturers, a contract 

) was mace with the Frank G. Schenuit Rubber Co.,. Baltimore, Maryland, for 
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construction of experimental tires. A 2500-pound lot or deresinated guayule 
rubber was supplicd for the purpose in february 1955. 
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§. General Appraisal’ 
——— 


Letters of inquiry were sent to former or current users of guayule 
rubber (Customers of the Intercontinental Rubber Co.) in order to obtain the 
benefit of advice and general experience of the rubber industry. This was 
¢onsidered to be of value in guiding investigations on the develooment of 
glayule rubber as a domestic source of natural ruboer. The following ques- 
fions were esked:; Does resinous guayule rubber, such as produced in Mexico, 
meet & Special or critical need or has its use been governed mainly by price 
o other considerations in relation to Hevea? Does guayule have any knowm 
ise for which it is especially well suited or even superior to Hevea? ‘What 
physical pecnerties of resinous guayule are COns*ReEee to te most imoortant? 
Would such re opexties be improved or rendered less desirable by deresination? 
Yould a higsh grade deresinated product peed in cuality to Hevea for tire 
farcass stocic) have any preferred use assuning price eauality with Hevea? 
Does the deterioration which takes place on storage of the commercially avail- 
able resinous rubber constitute a serious problem? 


Companies to which the above-mentioned letters of inquiry were addressed 
are listed in Tadle 14 


e large ee user of guaysle rubber has traditionally been the B. F. 

Goodri ich Company. It was reported that at ore Fak: a so-called masterbatch 
Was prepared oe the guayule rubber. This consists of a very ecncentrated 
Mixture cf compounding ingredients with a limited amount of rubber which-can 


subseauently be more readily incorporated in fixed panne ortions with large 

Patenes of rubbor than can the separate comps: se es ingredients. A.soft end 
easily processible rubber (such as resinous guayu oF ig obviously desirable 
for the masterbatch. CGuayule was mentioned as bere required by Governmens 


specification for one product (not identified). 


S 


A well-known wartime use of guayule rubber was for the fabrication or 
the inner sesling liner for bulletproof or col cope See tanks. How- 
ever, guayule is regarded as havins no special morit for this purpose, but 
wes used mainly to conserve critical supplies of ilevea aoe "Jorld “lar II. 

‘ 


Tre Pirestone Tire & Rubber Company regards resinous fuayule rubber as 
serving the dual purpose of being a source of rebber hydrocerbon as well as 


1a 

@ softener. It can be used, for example, in a tire carcass stock and the 

mG maroens the tot His eae 

amount ¢ ao isted, eae up to about 4 percenys of the total rubber, to cive 

the. Rees t ra , PeENLLLG Te SE EV ey. etal e Me vO ules. © ers ES ea OO eieles Considercd 
t5 Hevea rubber. Thus, if guayule 


as bein: % Be inct upon price in ralation 
a eould be uscd in small waounts 


. 
r 
Meeeerricod sufficiontly low 


ewer than Hevea, it 
ata sevitss in cost without a loss of quality. ‘he opinion was oxpressed 
that duresinrted pu wala (ac doveloped at Salinas) would have about the same 
characteristics as the resular market grades of Hever. 


The superior tack and plasticity or ready workability was frequently 
Mentioned by industrial users us a property or suayule rubber which 18 desir— 
eee SUCH aS in tho srmurncturs of friction stocks and belting, CeUGIELOIL 
stocks etirus, nose, ad 1 Moetinncaue molded goods. ‘he most important 
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sHoca jwbber Co., “atertovwn, 


‘Iv - 39 


Table 14. Users of Commercial Mexican Resinous Guayule Rubber 
During Years 1950-51 : 
(Information furnished by courtesy of Intercontinental Rubber Co., New York) 


Name 
Cambridge Rubber Co., Cambridge, Hass. 
Cornish ‘Jire Co., Jillianstown, Mass 
Bagle Ruvber Co., Ashland, Ohio , 
Firestone Tire & Rubber Co., Akron, 0. 


- 


Gates Rubber Co., Denver, Colo. 


General Tire & RvdbD>er Co., Akron, 0. 


Goocyesr Tire & Ruover C: 
LaCrosse Rubber !isls Di 
Home Rubber Co., 7 


Liass. . 
of Raybestos— 
Nad « 


Fanhetten Rubber iztg., Div. 
Beannatian, Inc., Passaic, 
Mansfield Tire & Ruober Co., 

Hansfield, c. 
Mohawk Rubber Co., Akron, Q. 
New York Rubber Corp., Beacon, 
Oxonite Company, Passaic, N.J. 


. 


i Mi 


Paragon Rubber Co., Basthampton, lass. 
Pennsylvania Rubber Co., Jeanette, Pa. 
Seiberling Latex Products, 

Barberton, Ohio 
Seiberling Rubber Co., Hkron, 0. 
fyer Rubber Co., Andove 
United States Rubber Co., H.Y. 
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physical property of resinous guayule was thought by some to de the effect 

of producing building tack in very high synthetic carcass compounds. ‘One 
organization, the Cenoral Tire & Rubber Co., stated that if the quality and 
price of deresinated guayule were cqual to Hevea, the guayule would have a 
preferred use because of better handling characteristics which would be found 
in stock processing and tire building operations. There is, however, a limit 
to the amount of resinous guayulo that can be used because of adverse effects 
on other physical properties. | 


Mn oe A ee ee ee beige eh, See a sek wale = 


Price is, of course, a primary consideration though not always the 
determining factor. Opinion was expressed that guayule should not sell for 
fore than about 75 to 80 percent of the price prevailing on No. 1 smoked 
sheeb. In General, there appears at the present tims to be only a few pre- 
ferred uses for resinous guayule rubber in which price is not an imp portant 
factor. 


The Goodyear Tire & Rubber Co., for example, stated that their usage of 
resinous guayule has been very limited and uneconomical, anc that from their 
Viewpoint this rubber had no special or critical application. On the othe 
‘hand, the Seiberling Rubber Company has used small quantities of resinous 

miaycie xubber for a munder of years to meet a special need (unknown) in 
which the price is not a factor. The characteristic in which they are inter- 
ested is a function or the resinous eae and they are, therefore, not 
interested in a deresinated product. Also, the Hocd Rubber Coupany (a divi- 
mumeor whe DB. «. Goodrich Co.) indicated that they use small amounts of 
resinous guayul.e and expect to continue its use in a specialized friction 
stock which is used for in-soles in canvas shoes. They have been able to 
obtain bettcr results from guayule than with Hevea rubbers, even when used 
impcombination with the ordinary resins used in rubber compounding. 





e 


Raybestos—?ianhattan, Inc., manufacturers of ere goods (including : 
brake linings, clutch facings and packings) have used small quantities of 
resinous Pinvile continuously for at least $5 years. price has not been the 

he special sropertics or 


determining factor in their usage, but rather % peci 
Plasticity or ready workability which guayule imparts to stocks oe it. 


.- 


Some companies bought Paani c rubber during the period Hevea rubber re- 
Striction since gsuayule wes on the "free" list, One conpany, the Hagle Rubber 
-: manuracturer of toys and noveltics (balioons, inflated balls and toys) 
Menoioned that they Pamere, Drow Ous experi CnCsa oe this nuober until re- 
tions wore placed on Hovea rubber, and that they did not have goed 
Memmets in its use beccaussc of difficulty in eetine ts geod cure. Likewise, 
Previous oxperiencs orf the Okonits Co., manufacturers of insulnted wire and 
Gible, friction and rubbe> tape, weather stri pa Sh cte., was limited to the 

ay natural rubber were not avail- 


? 


1g) 
9 


Me ol fusyuLe uring times when other types 
tle or not vermitted by Lav. Vhis company eed that on ewe basis of labo 
ry. tests, rubber Eriicing tape in which dercesinated guayule rubber was 
pused showed tee electrical, tensile and fusion properties whea compare sd to 
Mibber tare mide with either rine Para or senoked sheet. However, ecommerce ial 
Mon end c2ablo taper iiide with deresinated aus yale rubber, alone or in 
combination with natural suber reclaims, shovwe id ood results but not better 
thin vine Para or smokcd shevt rubbers. 
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More specific information on guayule uses has been difficult to obtain. 
any organizations are naturally reluctant to reveal what they consider to 
2 in the nature of a trade secret. This is especially true of compounding 


P Concerning the problem of deterioration of resinous guayule rubber 
a storege, it was evident that such rudber should be used promptly in 


eee was regarded as a means of REP ERPE SPE guayule to the point 
rade s yor ceo especially in view of the atl ta of the iecdeons eae 


tire tests, and impressions gained from samples of deresinated rubber 
recently suomitted for examination and testing. ’ 
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V. PUBLICATIONS AND PATENTS 


A. Publications 


panigan, T. F., Jr. Differential Migration of Rubber by Reversed—Phase 
Partition Chromatography. Ind. Eng. Chem., 45, 572 (1953). 


“Banigan, T. F., Jz. Diffusion Phenomena in Solvent Deresination of 


Guayule Rubber. Science, 117, 249 (1953). 


Seeetpan, ©. F., Jr., Meeks, J. W., and Planck, R. W. The Distribution of 
Waxes in Guayule, Bot. Gaz., 112, (6), 2312 (1951). 


Snuop, R. L., Taylor, E. C., and Feustel, I. C. Deresination as a Means of 
Improving the Quality of Guszyule Rubber, I. Shrub Deresination. India 
Rubber World, 123, 557 (1951). . t 


Clark, F. E. Domestic Natural Rubbers. Chem. Eng. News, 26, 296 (1948). 


Serer. &., bainigan, T. F., Jr., Meeks, J. W., and Feustel, I. C. High 
Quality Rubber by 4cetone Deresination of Guryule. Ind. Img. Chenm., 45, 


mre (1953). 


Feustel, I. C., and Clark, F. E. Opportunities to Grow Our Gm Rubber. 
U. S. Dept. of Agric. Yearbook of Agriculture, 367 (1950-51). 
Gowans, W. J. Preparin 


st ae e Rubber Te ecimens for Oxygen-Absorption 
Measurements. Anal. 


ng st Sp 
Chen., oe 1648 (1952). 


Gowans, W. J., and Clark, F. E. Determination of Rubber Hydrocarbon by a 
Modified Bromination Method. Anal. Chem., 24, 529 (1952). 


-Jones, E. P. Recovery pf Rubber Latex from Guayule Shrub, Ind. Ing. Chem. , 


40, 864 (1948). 
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Praction of Guayule Rubber. India Rubber World, Sat Fat 50) 
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Meeks, J. “t., and Feustel, J. C. The Molecular Weight cf Rubter 2s Influenced 
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by Extraction and Processing Treatments. ince Rubber World, 125, (1953 ays 
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mylor, K. Givtyule--in American Source of Rubber. Feo. Bot., ata), 
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cn “$Jot Plan: ae 
Taylor, K. W., and Chubb, R, L. Develop:zent of Pilot Plant, Cortrol for 
Milling Guayule Shrud. Ind. Eng. Chen., 44, 883 (1952). 


me rorgene to,uand Cling; Rh. L. Rubber Recovery from Freshly Harvested 
Busyele: Ind. Ene. Civeu., 44, 879 (1952). 


Bey 





RR RAE RISE AD ish Sie AH 


, 
‘ 






a8 Giese 


ahi} 
ae 


a. 


Needles 


Tae 








= es SELLS FI NTE TT IR ET TE TT OE ITT TT RN . 39 2 rr > , : ™ ter 
: ; ee . ‘ y } a Ay, ESL tes wn” ety kde Ge go geo a 
- os que > . hy f cr ua es i = : a eat oe : a Rb eas i Ang 
ref 2450 Ty yk MAC ET AS rE Do ES Ce “ BS Pre ha e ie bags £8 ay De Frit , 4 
: Aa oat we PA fog le Bee 2h adh gh SR ROAD Awe ge tg Ae th OS OPA ee Re Sal P Be WN 
ak ep 4 ie ws Te eR Rese Mahe ‘cist Aer oh NS SDA Reo CIAO Pe . Sot ¥ Orie Tye BM 


eran cea Uae HEE  SEN EELS MLTR OP TET MEDI STE TN Re Me eT OPPS TE MT NN pene ee ae 


ee , } # ek oo. a «sae 


co ie a 


Mik TTaAgn at 


af? * 
¢ bd ; hagas «0 
' re ee 















Sa ad atdud te wdbbewi tabinesg ae oe 
: ; are oot .AO)|6ASgenierernae 


a oO ; FOL, we < aang i worev TG th 4 M 


” & ‘ * ~ 


+ —— 


: LP aie ‘ ine ..W 0 gedect. eu gam 
fe ie) ze .o8 9 


t 
: i tee _,0 2 ,ToRNeiog 
] igs Io vitlay « 
Ad ef) ved s 


oti ¢ s T  caginnd * 


; 7 e ‘ - - a * et . 
3 5 lagtoll enaxtes! TU zee 
4 


} ‘ % 


, —— 
r " 2 ae1niD Bean “a 7 
‘oonfiwe¥Y ,oityA Te 
t 
+ a kre (rte 
a —_e As — tet 
| L ys apt ie 
t ; ~ “? ‘7 af" 
. L avin ,bonsjow cols sci iio te 
2 ; 
’ * ore 7 ache ib vaAvoual / , 
- (E3049 
[ 
i . mm ..m ..9 JT gpiatned | 
. -jont  <tewidud ofiysnd 
; ,iwnue 
| Woott Sitstestey tet 
as 
: : ‘ ' - nice “¥ mat ti ej og LUT te) 


oe ao 


} oo .40°H) 2 0 jolevat] wi ii did frau ye 
| os Lj (fo ‘an ag ve etal ¥ cou 9 Rie 
i . : 
est ; t! crovocell taht sa lS haul be * 
AL20L) OVE SAS Rae us ehh 
rit ’ ‘ et aa) SOS an 


is 
- 1 an * > 


2 : : : : -' 18s 


taylor, R. oH. Fixtures Aid in Sharpening Dies to Cut Rubber Tensile Test 
eens S.. dndia Rubber World, 123, 442 (1951). 


Taylor, R. H., and Ball, W. P. Temperature Measurements in the Mooney 
Viscometer. ASTM Bulletin No. 176, 60 (1951). 


faylor, R. H., and Veith, A. G. Mooney Viscosity Measurements in Determining 
Processibility of Pechnically C Classified Rubbers. ASTM Special Technical 
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Improved Method of Determining Rub ber Hydrocarbon in Rubber-Bearing Plants. 








faylor, R. H., Bell, W. P., and Clark, F. E. Effect of Moisture on Curing 
Characteristics of Rubber. 


stracts 
|. Aging Characteristics of Crude Guayule Rubcsr. India Rubber World, 127, 


658 (1953). 
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1, Barivan, Ee 5 SLs; WBNS, ae his and pl: ince, Re Wi Process of Isolating 
' Hewine froa Guayule Extract. U, S. Patent 2,549,763 (1451). 
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b 
ones, Z. P. Process of Concentrating Aqueous Rubber by Centrifuging. 
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